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I INTRODUCTION

The Model of Airflow and Diffusion In Complex Terrain (MADICT) addresses
two somewhat contradictory modeling requirements. First, it requires rela-
tively modest computational resources so that on-line real-time applications
in the field are feasible. Second, MADICT can be used under conditions where .

r airflow changes in both time and space. Some of the physical processes gov-

erning spatially varying winds and complex topography have been included, as
have the responses of smokes and gases to those winds and other meteorological

conditions.

In order to achieve the two goals discussed above, it has been necessary
to be selective about the processes that are included in the model. For
example, the principle of conservation of mass has been included in the deter-
mination of airflow in complex terrain because that seems to be a very impor-
tant determinant of such flow. A Lagrangian formulation of the model allows
us to treat larger scale wind variations, but not those whose size is compar-
able to that of the smoke plume itself. Again, the most important effects are - -

included in the model, but other processes which are sometimes important -.

(e.g., the effects of strong vertical wind shear) have not been included.

MADICT draws heavily on other computer programs and existing modeling
concepts. For example, many of the efficiency-improving ideas in the trans-
port and diffusion model had their genesis in an on-line plume dispersion
model for a power plant (Ludwig, Gasiorek, and Ruff, 1977). The methods for
estimating airflow in complex terrain are derived from techniques that were
used to estimate wind energy potential in such areas (e.g., Bhumralkar, et al,
1980; Ludwig and Byrd, 1980). The separate origins of different parts of the
model have resulted in a program with reasonably distinct modules. This
should make it easier for the user to introduce modifications that suit his or
her needs. The model presented here is written in FORTRAN77; a somewhat
simpler (and less structured) version has also been written in BASIC for use
on microprocessor based systems (Ludwig, 1984).

We have tried to make the model efficient by reducing the amount of
computation and internal memory that are required. Efficiency has been
achieved in two ways. First, the computational requirements of the problem
have been carefully analyzed to determine what calculations are required. For
example, no attempt is made to calculate the contribution from some part of a
smoke plume that is far from a receptor. A minimum number of elements is used
to represent a smoke plume, and some calculations can be made ahead of time
and stored for later .se. In the latter category, the generation of wind
fields in complex terrain is done in two steps; the part of a computation that
requires the most effort Is done once with the results stored as a data file
which is used as input for much simpler arithmetic calculations during the
running of the model.

The remainder of this report discusses the theory of the model and the
techniques used to reduce the required calculations. The structure of the
model Is also discussed so that users can modify the code for a particular

6 *. . . ....... ............... °



application. Instructions are provided on model usage, and the application of
* the associated preprocessing programs. These instructions Include descrip-

tions of the required inputs and the outputs. The chapter providing opera-
tional instructions is intended to stand alone, although the user should read
the other chapters to get a better basis for interpreting the results.

The report concludes with several appendices that list the program code
for both the model and the preprocessers. The final appendix provides two
sample problems.

- N!
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II DESCRIPTION OF THE MODEL THEORY

A. Background

The model has two major parts: (1) a module that describes the winds (in
three dimensions) throughout the modeling domain, and how those winds change
with time; and (2) a module that deals with the transport and diffusion of
materials emitted into the atmosphere that accounts for how the winds and the
prevailing turbulence affect motion and dilution of the smokes or other emit-
ted materials. The meteorological module of MADICT emphasizes the description

* of the spatial variability of the winds. Observed winds are interpolated and
*adjusted to account for some of the effects of complex topography. The pro-

cess invokes the principle of mass conservation which adjusts the winds to
achieve nondivergence. Temporal variability is introduced by changing wind -

fields in response to changed wind observations. Real-time calculations are
* reduced by using the linear properties of the problem to form any arbitrary
* solution by superposition of stored, standard wind field solutions that have

been obtained ahead of time using the complete computational procedure.
Interpolation of the coefficients used to form the linear wind field combina-
tions allows winds to be interpolated between observation times.

The model only accounts for vertical variations in atmospheric stability
*and their changes with time, and this is only treated in a very rudimentary

fashion. Lateral variability in the diffusive properties of the atmosphere is
not addressed. In principle, it would not be particularly difficult to deal
with spatially varying diffusion, if the necessary information were available.

This model approximates the continuous emissions from the source with a
-series of discreet "puffs" that move with the wind at their centers. The
* puffs grow and become more dilute in response to turbulent diffusion. Compu-
* tational efficiency is achieved by minimizing the number of puffs that are
* used through the merging of puffs that overlap and the discarding of those

outside the domain. The puff modeling approach does a good job of simulating
* plume behavior in spatially varying wind fields that do not change signifi-

cantly over distances comparable to the size of the puffs. This is an
* improvement over steady-state modeling approaches, but it is inaccurate when
* there is strong wind shear and should be borne in mind when applying the model
* and interpreting the results.

The model is intended to be applied to nonbuoyant smoke sources, so it
includes no plume rise module. This may be a serious omission for some appli-

* cations.

MADICT is intended for real-time use in the field, so good graphical
displays would be very helpful for interpreting results. However, the differ-

* ences among graphical display systems are so great that no special displays
*have been developed for this application. The original microcomputer version
* (Ludwig, 19814) included a very simple, character-based display. The FORTRAN77

version presented here uses graphics subroutines available from the National



Center for A'mospheric Research (NCAR) to display concentration patterns.
Other graphics subroutines could be substituted.

B. Wind Field Calculations

The method by which wind fields are generated has evolved from the work
of Sherman (1978), as modified by Bhumralkar, et al (1980). The suggestions
made by Ludwig and Byrd (1980) have been implemented In order to reduce on-
line calculations. Inasmuch as the full model is not used in MADICT, it is
not essential that any particular wind model be used. The model discussed N.
here has been described by Endlich (1984), and portions of the users' instruc-

tions prepared by Endlich and Lee (1983) are included in this document.
Whatever wind generation model is used, it must have the following character-
istics:

1. It must produce three-dimensional, nondivergent wind fields that
account for variations in the underlying topography. i-..

2. The output winds must be available at the top and bottom of the
modeled layer over a uniform grid.

3. For any specified boundary layer thickness, the output wind field
must be linearly related to the input wind observations.

4. The locations from which the input wind observations are obtained

should remain the same from case to case.

5. The heights of the surface and the top of the modeled layer above
the surface must be output for each grid point.

In addition to the above criteria, it is also desirable to have histori-
cal wind data from the observation sites so that those patterns which account
for the largest part of the variance in the data can be identified. As will
be discussed later, this allows calculations to be simplified and provides
some smoothing of smaller-scale features of the wind fields. This latter
approach uses the u and v wind components from each site at 3-hour intervals,
along with the geostrophic wind for the area. A computer program computes the
covariance matrix for all the input wind components (including the geostrophic
wind) and outputs the eigenvectors of that matrix. For n reporting stations
and one geostrophic wind there are 2(n+I) eigenvectors and one mean vector
(Ludwig and Byrd, 1980). The components of the mean vector are the inputs
which would be used for the model if each observing station reported its long
term average wind, along with the average geostrophic wind.

The first elgenvector corresponds to a set of input data that accounts
for the largest part of the variance in the Input data set. In essence, each
eigenvector can be considered as a set of input data that is linearly inde-
pendent of all the other elgenvector input data sets. If the appropriate
conditions are met (see Ludwig and Byrd, 1980), then solutions for any given
set of Inputs can be decomposed to a linear combination of the eigenvectors
and the mean. Although, any linearly independent set of inputs can be used,
the eigenvectors have some advantages that are discussed below.

'4
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Figure 1 shows the observed wind components as a sum of their correspond-
ing means (the column vector at the right) and multiples of the set of normal-
ized eigenvectors. The coefficients of the linear combination are symbolized

with the constants, a, through a8 . These coefficients are the inner products
* of the input data vector (at the left of Figure 2) and each of the independent

' column vectors (the eigenvectors in Figure 2). These inner products are
calculated in the subroutine INWIND., using the following equation:

N

J- Uk -Uk)ujk k (v Vk)vjkj

where a. is the coefficient for the jth column, and Uk and Vk are the U and V

components for the kth station in the input data set. Averages of U and V are
indicated by overbars; the averages are calculated for the same data set from
which the eigenvectors were derived. The terms Ujk and vjk are kth pair of
wind components in the jth column vector, and N is the number of observation

sites (including a geostrophic wind) from which data are available. There are

two 2N components in each eigenvector.-.

Appendix A provides listings of programs that are used to process wind
data. The program XFORM will read data for one year (at 3-hr intervals) in
subroutine SUBI. That subroutine also uses a standard International Mathe-
matical and Statistical Library (IMSL) routine (BECOVM) to calculate the
covariance matrix for the input data. Another IMSL routine (EIGRS) is used to

determine the eigenvectors of that covariance matrix. The means and the. ,
-" eigenvectors are stored for use with the full wind field generation model.

The theory of the wind field model has been described by Endlich et al
(1982), Endlich and Lee (1983), and Endlich (1984). Those references should
be consulted for details. A brief discussion of mass-consistent wind field
models follows.

Most mass-conserving wind interpolation schemes, begin with an "initial
guess" that is adjusted to remove divergence. Winds in the lowest layer are

estimated for each grid point by taking a weighted vector average of the
nearest observed winds. The weighting is inversely proportional to the dis-
tance between observation and grid point (Sherman, 1978; Endlich et al, 1982).
An initial guess for winds at higher altitudes is more difficult to obtain.
Sherman (1978) used the shape of whatever measured wind profile was available
to extrapolate upward throughout the region. When no observed profile was
available, she assumed a linear variation of wind with height. The models of *)1

Endlich et al (1982) and Endlich and Lee (1983) assume a uniform wind at the
top of the domain, derived from the surface pressure and temperature fields,
using the geostrophic and thermal wind relationships (Holmboe, 1948) to pro-
vide the upper level wind estimate. Winds at intermediate levels are derived

5
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FIGURE 1 SCHEMATIC DIAGRAM OF THE METHOD OF SUPERPOSITION USED
TO OBTAIN WIND FIELDS
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from a log-linear interpolation between the surface wind estimate and that for

the top of the domain.

Two different coordinate systems have been used for mass-consistent wind
models. For example, Sherman (1978) uses standard rectangular coordinates.
While Endlich et al (1980) use a curvilinear coordinate system that depends on
the shape of the upper and lower boundaries of the domain. The main features
of these two modeling approaches are discussed below.

Sherman (1978) sought to "minimize the variance of the difference between
the adjusted values and the original values subject to the strong constraint
that the 3-dimensional analyzed wind field is nondivergent," using Sasaki's
(1958, 1970a,b) analytical approach to obtain a solution that minimizes the
following function (integrated over the model domain):

s w fr2 2 2 o2 2 2
S(ulvwx) = f [a1 (u - u) + a2(v - v ) + a2(w -w

1 01 0 2 0

+ AV' dxdydz

where a and a are weighting factors that are, in essence, used to inhibit
adjustments of the vertical velocity relative to the horizontal components. . -.

Sherman suggests that the magnitude of a should be about 100 times more than
that of a The other variables in Equation (1) are a Lagrange multiplier,
A(x,y,z), the observed ,wind components with subscript "o", and the adjusted
components of the wind V.

The Euler-Lagrange equations whose solution will minimize Equation (1)
are:

U U +- (2)
2a x

1 A

v v - (3)
2c1

2az
w w0+--' a-z (4) I

2a

Lu !+a (5)
ax ay 3z 
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.4

Sherman solves the above equations, subject to the boundary conditions

n i6(v o (6)

where n, is the outward positive unit normal in the ith coordinate direction.
Correspondingly, 6(vI ) denotes the first variation of the ith wind component;
values of I = 1,2,3 correspond to the x,y,z directions. The boundary condi-
tion can be satisfied by having either 6(v I ) or A-O. The latter allows
adjustment of normal components at the boundary because the corresponding
partial derivatives of A will not necessarily be zero. Sherman (1978) uses
A-0 to specify boundary conditions along the x and y boundaries. At the upper
and lower surfaces, the partial derivative of A in the normal direction is set
equal to zero, as are the initial estimates for the normal component of air-
flow at those boundaries."ilk

Sherman differentiates Equations (2) through (4) and substitutes Equation
"- (5) to get the following equation that can be solved for A.

+2 /ci\2 2
.- -2 a -'-(T

2 2 a az2 1 0
ax ay k 21

where V is the initially estimated velocity.
0

Sherman (1978) used irregular domain boundaries to include terrain fea-
tures. This requires that the Interior points adjacent to cells containing
terrain obstacles be treated specially, making it more difficult to base a
general application computer program on the original Sherman (1978) approach.
The terrain-following coordinate system described in the next section was
developed In part to overcome this difficulty.

Bhumralkar et al (1980) changed the coordinate system used by Sherman
(1978) in order to simplify the treatment of the lower boundary in their mass--"
consistent wind interpolation scheme. That work was modified by Endlich et al
(1982) to give the version discussed here. In this model, the vertical
coordinate (a) is related to the height (z) in the rectangular coordinate
system as follows:

z - Zo(x,y)

0
z(x'y) - ZoX.y 8 ..-..,

where Zi s the height of the terrain surface and Z is the height of the top
of the domain. It is presumed that the top of the domain conforms to the

8
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streamlines so that there is no upward mass flux from the model volume. The I.""

vertical velocity (w) in the rectangular coordinate system is related to that
in the sigma system (a) as follows

w 0 - (a-I) +J.VZV * (9)0

Endlich et al (1982) replaced the wind component variables with the following

U* - u(Z - Z
0

v* v(Z - Z) (10) L
0w* ;(z Z 0o

Then, if the vertical motions caused by the slope of the sigma surfaces are
small compared to the horizontal motions, the continuity equation can be
written

au* av + w-. 0'''iau v _ w 0 (11) -.

This corresponds to Equation (5), given above for Sherman's (1978) model.
Equations (2) through (4) are the same in the Endlich et al. (1982) model as
in Sherman's, except that u is replaced by u*, u0 by U*o, and so forth.

Rather than eliminating u*, v*, and w* and solving for A, Endlich et al .-
solve directly for the wind components using the following equations. J.7 .

a 2u. a 2ua (a 1 32u.
2 2 acx 2

ax ay \ a
22" (12)

2  2 a .

• ~~-i-.

!* *
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2* a 2I a2*

2 2 +2

ax ay 2  \/2 2

a2 ( ) 2v a* (13)

aw* 0)~

2ax 2 1 2 ay 2 3 0/

- + - + au2W"  (a, aa2w
2  2  2

(14)-. -. -

a-, /aT + a * + ,w 0 .a 2/ 30T/- ax 2  ay 2

These equations are obtained by taking appropriate partial derivatives of the
basic equations and summing to eliminate v*, w*, and X to obtain Equation
(12). Similar strategies are used to eliminate the appropriate variables and
obtain Equations (13) and (14).

Endlich and Lee (1983) assume that there is no flow through the sigma
surfaces (analogous to Sherman's use of a1 and a weighting factors that limit
vertical motion to very small values), so the Flow in and out of each volume
element takes place at the vertical faces. The flux through each face is
proportional to the product of the vertical separation Az between sigma sur-
faces and the u or v wind component. The divergence for a volume element is
given by: . '.

6u* + v* ( 5D = * .(15) -
6~x Idy

In the model used here, the vertical component of vorticity is constrained to
remain unchanged while the wind components are adjusted to achieve nondiver-
gence. The vertical component of vorticity is given by

6v* 6u* i.
SV6x 6uy "(16)
X°,t Iy

Adjustment processes used to achieve local flow nondivergence through the
alterations of wind components have been described by several authors (e.g.,. . .
Endlich, 1967; Liu and Goodin, 1976; Chen, 1980; Goodin et al, 1980).
Endlich's procedure begins by decreasing (or increasing) the wind components
on the inflow faces and increasing (or decreasing) those on the outflow faces
in order to correct for a net convergence (or divergence). The wind component
changes required to produce nondivergence in a volume element are usually

10



quite small. Further changes are made to neighboring wind components to
return the vorticity to the value originally estimated for the element. The
volume elements are adjusted iteratively until the divergence (either positive
or negative) is reduced to very small magnitudes while retaining the original
vorticity fields. Typically, 10 to 15 complete iterations are required. This
technique allows the model given in the appendix to make the flow nondivergent
in each layer independently of the flow in neighboring layers, which requires
less computation time than the full 3-dimensional relaxation process. The
subroutine BAL5 performs the iterative adjustment described above.

The nondivergent wind model is run for the mean wind components at each
observation site (and the mean geostrophic components aloft), and for the
input data sets represented by each of the eigenvectors. The resulting winds
at the top and bottom of the layer are then stored along with the correspond-
ing input data sets (the mean winds, the eigenvector wind sets, and the eleva-
tions of the top and bottom of the boundary layer) for use by the transport
and diffusion model. It should be noted that the Endlich and Lee model uses

cm s~ units for wind outputs and cm units for elevations. The diffusion-I1

model converts to m s - and m units. If other wind model results are used as
inputs, some code modification may be required.

- C. Transport and Diffusion Model

One of the simplest approaches to the modeling of a plume is to represent
that plume by a series of overlapping "puffs." This approach can accommodate
winds that vary in space and time, but it can also have large computational
and computer memory requirements if it is applied indiscriminately. The
implementation of this concept used here assumes a Gaussian distribution of

- concentrations within each puff; that distribution is characterized by a
standard deviation a In the vertical and a radially symmetric horizontal

" standard deviation, a . In the limit, when many puffs each containing a small
* "amount of material ar'e used, the behavior of a continuous Gaussian plume can

be reproduced quite accurately. The number of puffs required to simulate the
- plume depends on their size; larger puffs can be farther apart. Thus, fewer
. puffs will be needed to simulate the plume accurately as the puffs grow.

1. Reducing the Required Number of Puffs

Ludwig, Gasiorek, and Ruff (1977) determined that the minimum spacing
between puffs should be 2a or less. With such spacing, the concentrations

,-" derived from a series of puffs will be within about five percent of those from
a continuous Gaussian plume. This information has been used in two ways to
reduce the number of puffs that are required. First, closely spaced puffs are
merged periodically so that one puff containing all of the material In the

" original two puffs replaces the original two. The other parameters (puff
location, 0y and az, age, and so forth) are averaged.

o "~ Z,'-.°

The second approach to reducing the required number of puffs is based on
the fact that although it is common to discuss "point" sources, sources

"." 11 - -

... . . . . . . . . . . * .... .

... ,**,,....r.



generally have finite dimensions. Even if they did not, the plume would

quickly expand so that it is reasonable to use puffs whose initial dimensions
are finite. This may prevent accurate simulation of plume behavior in the
immediate vicinity of the source, but it allows puffs to be generated at a
rate that is inversely proportional to wind speed. A newly created puff moves

away from the source until it reaches a distance of about 2 o before the next r
puff Is released. If puffs were released at a constant rate , that rate would

have to be set so that it could accommodate the highest expected wind speed.
This would lead to many more puffs than are usually necessary. For the model
described here, a new group of puffs is generated every ten minutes. The rate
at which they are generated is such that they will be within a of one another
after about 5 minutes travel time. Y

The amount of material within each puff is determined by two factors, the

emission rate and the rate at which puffs are generated. Upon creation, each
puff is assigned an amount of material Q equal to the emission rate divided by
the frequency of puff release.

Puffs are eliminated from consideration once they pass outside a square

that is used to define the computational domain. If the source is located
near the center of this square, puffs can travel more than 15 km from the
source before they are eliminated. The computational domain can be expanded
by changing the grid spacing (set at 6 km in the current code) or the numbers
of grid squares (a 10 x 10 array is used). However, any change in the compu-
tational grid will require a corresponding change in the wind field inputs.

2. Puff Advection

The location of each puff center must be known for the concentration
calculations to be made. The model calculates the position of the puff cen-

ters at 2-minute intervals. Temporal changes in the wind field are allowed to 1-

occur every ten minutes. During a ten-minute interval between wind changes,
the wind field is assumed to remain constant. The motion of a puff during a
2-minute interval is determined by the wind in the grid square where the puff'

center Is located at the beginning of the period. The puff center Is moved in
a straight line parallel to that wind direction for a distance equal to a .
distance that the wind would carry it in 2 minutes.

3. The Form and Growth of the Puffs

As noted before, each puff is considered to be horizontally symmetric
with a Gaussian, concentration function of the following form (cf Slade,
1968):

exp [ 2 exp z\2 (17) 
(2r)3/2 0y z
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where
C - concentration at ground level (g m- 3 )

Q - total material in the puff (g)

ay = standard deviations of the Gaussian distributions in the
horizontal and vertical directions, respectively (m)

y - horizontal (radial) distance from the puff center (i)

z - height of the puff center above the ground (m).

The terms, a and a define the "size" of the puff and depend on the
distance traveled by the puff and the prevailing atmospheric stability. If

the atmospheric stability has remained constant throughout its travel, then
they are approximated by functions of the following form:

a -a. x (18)

where a1 and Y are constants depending on the stability class J, and x is the

distancl traveted by the puff. The values of the constants used by the model

are given in Table 1. Modeling the effects of changes in atmospheric stabil-
ity requires some modification of the basic equation through the use of a
virtual travel distance, xv (Ludwig, 1982). This is the distance that satis-

fies Equation (18) for the .urrent value of a. If there has been no change in
stability during the growth of the puff, xv will equal x. Rewritten, Equation
(18) becomes

Y~
a a =a a (19)

Equation (19) can be used to calculate a or az if we recognize that there
will be discontinuous changes in x wenever the atmospheric stability
changes. During periods when the atmospheric stability remains the same, the

increase of x is the same as the increase in travel distance, i.e., for a
period when sbillity remains constant,

(( + Axi  (20)
.v +1 Q i 

,- ....
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Table 1

CONSTANTS USED TO DETERMINE c AND a FROM EQUATION (18)

Atmospheric
Stability o ay z

Class*,j ayj Y azj Y

1 0.428 0.9 0.025 1.38

2 0.301 0.9 0.075 1.07

3 0.198 0.9 0.112 0.91

4 0.128 0.9 0.196 0.72

5 0.095 0.9 0.231 0.64,

6 0.065 0.9 0.227 0.575

1 - Extremely unstable 4 - Neutral
2 - Moderately unstable 5 - Slightly stable
3 - Slightly unstable 6 - Moderately stable

where (x )j and (x ) are the values of x at the beginning and end of
the peridJ and Ax 1  the actual distance traveffed during the period. If the
stability changes at the beginning of the period, then

'a '1l/Ya -. ,

V) ( -? 
(21)

where the stability during the new period is in class J, and a and Y are
the appropriate constants for Equation (19). It should be ned thaV the
virtual travel for or will generally be different from that for a The
values of Ax are calculated in the part of the program that simulxtes the
advection of the puffs. Changes in atmospheric stability are restricted to
occur only once per hour.

Often there are restrictions to the vertical expansion of the puff.
Elevated temperature inversions can cap the "mixing layer" and effectively
prevent the further upward expansion of a puff. Such behavior is commonly
treated (e.g., Turner, 1970) by assuming that puff behavior on encountering
the top of the mixing layer is analogous to reflection. Thus, the concentra-
tion at a monitor is equal to that part directly reaching the ground, as in
Equation (17) and another part "reflected" from the top of the mixing layer.
The reflected contribution is simulated by invoking a "virtual" source above ,',. ,
the reflecting surface. If the height above ground of the mixing layer is H

....

'p ... . ,
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and the height of the real puff is z, then the height, z', of the virtual puff
is given by.7

z= z+ 2(H-z) =2H - z .(22)

Later, when the calculation of concentration at a receptor is discussed, wej will return to the virtual puff.

As the size of the puff increases, reflections from the ground and the
top of the mixing layer cause the distribution of concentration in the verti-
cal to become nearly uniform between these two surfaces. In such a case, the
concentration is proportional to the total material and inversely proportional
to the depth of the mixed layer. Concentration is then given by

C exp[ u(X)] (23)
27r H a

y

As long as the mixing height remains constant, or increases with time,
application of the equation with the current value of the mixing height pre-
sents no problem. However, if mixing height is decreasing with time, the
equation would indicate that concentration was increasing with time. This
would be contrary to nature, because the upward or downward movement of the
mixing height does not involve motions of a physically impervious surface;

*i.e. it does not act like a piston recompressing concentrations. The model
assumes that once the puff has expanded to the point where it is affected by

* the top of the mixing layer, subsequent reductions in the height of that layer
will not increase concentrations. Thus, once the top of the mixing layer is

* encountered, the height through which the puff is mixed is only allowed to
increase not decrease. The model keeps track of the greatest mixing height

* that has been encountered during the history of the puff and uses that value
to estimate reflection effects.

4.* Concentration Calculations at Receptors

The model described here is designed to calculate concentrations only at
receptors near the surface. The user must select the receptor spacing and
then the model defines a square grid of receptors centered at the source
location. The receptor array is a 21 x 21 grid. In order to keep the recep-

* tor array within the computational domain, grid spacing should generally be
less than 3 km. For smaller grid spacing, puffs may pass outside the receptor
grid without being discarded. This allows for recirculation of puffs over

* receptors as long as the puff centers did not pass outside the 60 km square
* computational domain.

15



It would require very many calculations to consider the contribution of
each puff to each receptor. Therefore, if a puff center is more than 3-a
above the surface, or more than 3 a horizontally from a receptor, its contri-
bution at that receptor is consider~d to be nil. In order to accomplish this,
the entire list of puffs Is scanned when the concentrations are to be calcu-
lated. The receptors that are within 3 Y of a puff center are determined and
the contribution to the concentration a these receptors is calculated and
added to the contributions of other nearby puffs. Concentrations are calcu-
lated once per hour.

16
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III STRUCTURE OF THE COMPUTER CODE

A. General Organization

Figure 2 is a flow chart showing the organization of the MADICT computer

code. As the figure shows, the program begins by calculating some of the I;
values that will be used repeatedly. The locations of the receptors are
defined and those quantities that are presumed not to change during the course
of a run are input; these include the location of the source and the eigenvec-
tors appropriate to the set of wind stations that are being used. Next, the
time varying meteorological conditions are input. These are changed hourly;
the program can be stopped by entering a negative mixing depth. The program
interpolates between winds at the beginning and end of the hour (other mete-
orological factors such as mixing height and stability are assumed to remain
constant through the hour), so that it is necessary to enter two sets of winds Ii.
at the beginning of a run. For later hours, the winds at the end of the

.. upcoming hour are entered (the winds for the end of the preceding hour are
used as the initial winds for the upcoming hour). During the course of the
hour the winds are interpolated using the eigenvector coefficients for the
beginning and end times; winds are assumed to remain constant over 10-mn
intervals.

After the meteorological data have been input, the program determines
whether or not the appropriate wind field solutions (for the current mixing
depth) have been used during the preceding hour (if it is not the first hour).
If not, the appropriate solutions are read from the disk. Interpolated eigen-
vector coefficients are then calculated, and the fact that no winds have been
determined for any grid cell is indicated by making the vertical component in
each wind cell equal to the x coordinate of the origin. It should be noted
that the calculation grid is different from the receptor grid. The receptor
grid is centered on the source and has a spacing that is specified as an
input. The calculational grid is a geographical grid where distances are
expressed in meters. It defines the computational domain which is 30 km on a
Sside and has its origin at (-15,000, -15,000, 0). Winds are determined on a
10 x 10 grid at the top and at the bottom of the domain. All trajectories are
calculated in terms of this computational domain.

Old puffs are advected every 10 minutes (in 2-min time steps) and new
puffs are generated and moved to their appropriate initial positions according
to the wind at the source. During the first of these 10-minute time periods
for each hour, the stability Is checked to see if it has changed from the
previous hour (or if it is the first hour of the calculation), in which case
new virtual travel distances corresponding to the current puff dimensions are
calculated. At the end of each 10-minute time period, the list of puffs is
examined and those which are overlapping sufficiently are merged. Those which .

• .are outside the computational domain are discarded from further consideration.

The receptor concentrations are accumulated after the six 10-minute time

periods in the hour have been cycled through. The puffs are treated sequen-
- tially, first determining which receptors they Influence and then adding their

17
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Subroutine BASICS
* Make initial calculations
* Define grid locations (subroutine GRIDXV)
* Input source location
0 Input wind eigenvectors (subroutine EVCO)

F -- ---- --- Subroutine METIN

Input stability, mixing depth and source
I strength for the next hourI

Y es mixing depth <0?I
I or is this the sixthI

(number of puffs

Subroutine INWIND Subroutine INWIND
Input winds for begining of hour. Shift winds from end of hour Ito the

Calculate inner products. beginning. Input winds for end of

(8)Write summary I
(Continued next page)

FIGURE 2 FLOW CHART FOR MADICT
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(Continued from previous page)

AStart one-hour time
S loop (to 1270)

Subroutines WINDDO and FILEID
Identify correct data file and read wind field

solutions if mixing depth category has changed.

Subroutine DOTINT
Interpolate inner products for ten-minute

time steps.

%p .

Subroutine WNDBAR
Make vertical component equal to the x-coordinate
of the origin in all cells so that cells where wind has

not yet been calculated can be identified.

Is thisIs this
Yes the first hour Yes the first ten-minute No

or has stability time step for hour?

changed?;

kNo

Subroutine VRTVAL Subroutine ADV 1st

(Re)calculate virtual travel Generate new puffs for the ten-minute period and
for all puffs. (Subroutine) ADVECT them to the location at end of the

ten-minute period; (Subroutine) DEFINE puff parameters.

Subroutine ADV 2nd
(Subroutine) ADVECT old puffs to their new locations <1
(two-minute time steps). Subroutine ADVECT uses
winds at center of cell (from Subroutine WIND, if not

previously calculated during this ten-minute period) where
puff is located at the beginning of each two-minute time

step; (Subroutine) DEFINE puff parameters.

,Continued next page)

19

-. .
,'- ' ., , " .. . . . - ... . .- - . , - - . . ,. - . . . . . . , . . . . , .. . . .. - -. , .. . - - . . . , , -. -.. , , -.-



(Continued from previous page)

Subroutine MRGPRG :
Merge overlapping puffs and discard out-of-bounds or weak puffs

- I

F 1270 End
,*, (A one-hour time

D broutine INFLU ernhceoa
iStartpuffloopforr' concentrations (to 17W)

"UNREFLECTED" model is to be used. LI

I I 'Determine which receptors are .-.=,
within 30y of puff.....;

Begin loops over

(affected receptors (to 1690) .

Accumulate concentration contributions at
affected receptors using Subroutine CALCON.

(1690) End of

receptor loop

0 1700) oEnd of

puff loop-

IOtput rests
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concentration contribution to the concentrations of earlier puffs at those ',.

receptors. After all puffs have been treated, the results are output. The

program includes a subroutine to be used for calling a local graphics package.

A National Center for Atmospheric Research (NCAR) graphics package routine is
- "used as an example. The concentrations for the hour at each receptor are also

1 stored. After the program has run for five hours, or has been stopped by the .

% input of a negative mixing height, all non-zero receptor concentrations for
the simulated time period are printed.

B. Major Components

This section provides brief descriptions of the various subroutines and

functions. A listing of the FORTRAN77 code is given in Appendix B.

1. Subroutine ADVECT (XX, YY, ZZ, TRAVEL)

This subroutine advects the puff from the initial coordinates (XX, YY,

ZZ) to determine the location at the end of five 2-minute steps. This new

location is returned through the same arguments (XX, YY, ZZ). The wind at the

beginning of each step is determined by a call to the subroutine WIND. The

local wind component (in meters/10-min) are multiplied by the time step to
give the new coordinates. Altitude (ZZ) is not allowed to be negative or
above the top of the domain. Total travel distance along the trajectory
(travel) is also calculated.

2. Subroutine ADV 1ST (L.ASTPF, VS, VDISRO, VDISZO, ISTAB)

This subroutine generates new puffs at 10-mmn intervals. It first deter-

mines the wind components at the source, and the number of puffs to be genera-
ted is calculated so that their spacing will be approximately equal to the
value of a (or 20 m, whichever is greater) after 3 minutes of travel. The

. appropriat4 initial values of virtual travel (VDISRO, VDISZO) for the stabil-
ity class (ISTAB), the total material in the puff and so forth are assigned
either In this subroutine or through a call to a subroutine DEFINE. The

argument LASTPF is the number of puffs at the end of the 10-minute step.

3. Subroutine ADV 2ND

This subroutine uses the subroutine ADVECT to move the puffs that exist

at the beginning of the 10-min time period to their new locations. The puff
parameters are then updated with a call to the subroutine DEFINE. The subrou-

tine ADVECT determines when puffs are out of bounds and sets a logical flag
(LOUTFL) equal to .TRUE., which in turn causes ADV 2ND to set the amount of
material in the puff to zero. This causes the puff to be purged from the
list.

21
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4. Subroutine BASICS (VDISRO, VDISZO, IHOUR)

This subroutine calculates some basic parameters such as the initial
virtual travel distances (VDISRO, VDISZO) for the six stability classes. It

also calculates and stores values of exponent EXP (-O.1*I) in the array
FEXP(I). It also interactively requests information for defining the receptor

grid, the characteristics of the wind inputs, source location and the begin-
ning time. It calls the subroutine EVCO which reads the empirical orthogonal
functions from the appropriate file.

5. Subroutine CALCON (ITYPE, ISTAB, ZZ, TYPMDL, QMULTF, II, JJ, I,

SIGZNHOUR)

This subroutine accumulates concentrations for a given puff/

receptor pair. The puff is defined by I and the receptor by II, JJ. The

value of the argument QMULTF takes into account the amount of material in the

puff and the horizontal separation between the puff center and the receptor.

This subroutine uses one of three (determined by ITYPE) models of the vertical

distribution--a box model (ITYP = 1), or a model where the vertical expansion

is not affected by the elevated mixing layers (ITYP = 2), or finally (ITYP -

3) the case where the puff is "reflected" from the top of the mixing layer.

TYPMDL is used to redefine virtual travel to be consistent with whatever

restrictions are imposed by the mixing height on vertical growth. NHOUR

defines the time for which concentrations are being calculated.

6. Subroutine DEFINE (IPUFF, XX, YY, ZZ, TRAVEL)

This subroutine is used to update the parameters associated with each

puff. These parameters are stored in two arrays, PUFINT (IPUFF, J) and PFFPAR

(IPUFF, K). In both arrays, the puff is identified by the first index, the

second index (J) for PUFINT refers to maximum mixing depth (i) encountered,

the three spatial coordinates (i) and the time (min) since the puff was

released for values of J from 0 to 4, respectively. The second index (K) for
PFFPAR refers to the amount of material in the puff (gm) for (K - 0); the

indices K = 1,2 refer to the virtual travel distance for a and ay (m),
respectively.

7. Subroutine DOTINT (ITIME)

This subroutine interpolates the inner products at the beginning and end

of the hour so that they are appropriate to the time step, ITIME. The current

interpolated coefficients of the eigenvectors are stored in the array DOTP.

8. Subroutine EVCO

This subroutin reads the eigenvctors and the mean winds. (Units are

corrected to m s- from the cm s- that are output by the wind field

22
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preprocessor programs; use of other preprocessors may require some modifica-
tion of the MADICT code). The files created by the Endlich wind programs
identify the means as the zeroth eigenvector; furthermore, the first eigenvec-
tor is the one which explains the least variance, the second explains the
second least variance and so forth. This subroutine stores the means
separately as UM and VM. This subroutine also reverses the indexing on the
eigenvectors so that the lowest index refers to the eigenvector that accounts
for the largest amount of the variance, the second for the second most vari-
ance.

9. Subroutine FILEID (IREAD DEPTH)

This subroutine reads the first record from each of the wind field source
files. The first record in each of these files includes information about the
average mixing depth that was assumed in calculating the solutions. The
subroutine identifies the solutions with the assumed mixing depth that is the
closest to the currently observed mixing depth (DEPTH). The appropriate
logical unit (IREAD) is returned so that the correct wind field solutions are
read and stored. The PARAMETER NFILES in this subroutine must be set to the
number of mixing depth categories for which solutions have been stored.

10. Subroutine GETWND (IX, IY, IZ)

The subroutine calculates the wind in the cell IX,IY,IZ from the stored
solutions. It does this by summing the u, v, w components for each eigenvec-
tor solution, weighted according to the Inner product of the observations and
that particular elgenvector. Winds are calculated at the top and the bottom
of the layer for the solutions that have been stored for those two elevations.
Winds at intermediate altitudes are obtained by log-linear interpolation to
the centers of the intermediate grid cells. The units of the stored winds are
meters per 10-minute Intervil. The subroutine assumes that the Input wind
field solutions are in cm s- units, as provided by the wind field preproces-
sors discussed in this report. For wind field solutions from other sources,
this subroutine may require modification.

11. Subroutine GRAFF (I,DBUG)

This subroutine was included to provide a mechanism for users to intro-
duce graphical presentations. It uses an NCAR graphics routine.

12. Subroutine GRIDXY (DBUG)

This subroutine calculates the x- and y-coordinates of the grid points in
the receptor grid. The receptor grid is centered on the source and the
coordinates are given in terms of the coordinate system used to describe the
modeling domain.

23
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13. Subroutine INDXY (XX, YY, LX, LY, LOUTFL)

This subroutine returns the indices (LX and LY) of the grid cell in which

the coordinates XX and YY fall. It also sets the logical variable LOUTFL to
.TRUE. when the coordinates are outside the domain; otherwise It is .FALSE..

14. Subroutine INFLU (GSIGY, NHOUR, ISTAB)

The purpose of the subroutine is to identify those receptors which are
significantly influenced by each puff (i.e. those receptors within 3 a ). It
uses the subroutine CALCON to increment the concentrations at those receptors -*
that are influenced. The subroutine also determines whether or not concentra-
tions are uniformly distributed In the vertical (box model), reflected from

the upper domain boundary (the reflected model) or still freely expanding in
the vertical (the unreflected model). The effects of the amount of material
in the puff and the concentration distribution in the vertical are calculated
before the subroutine CALCON is called.

15. Subroutine INWIND (I, IHOUR)

This subroutine is used to input the observed winds, from which the wind

components are calculated. After the wind components have been calculated,
the mean components are subtracted and the inner products, DOTX (I, J), are
calculated for the beginning (I=0) and end (I-I) of the hour for each eigen-
vector (indicated by the second index).

16. Subroutine MET IN (QUIT, ISTAB, IHOUR, ALPHAY, SEPMAX)

This subroutine reads the basic meteorological information for the upcom-

ing hour. The logical flag QUIT is set to .TRUE. if a negative mixing depth
is input; thip will cause the program to stop. Source strength (QSOURC) is

input in gs-- This subroutine calls the subroutine INWIND to get the --
observed wind inputs.

17. Subroutine MRG PRG (LASTPF, SEPMAX)

This subroutine scans the list of puffs and determines those which are

close enough together to be merged. Average parameter values are calculated
for each pair to be merged, and those values are assigned to one of the puffs *

along with the total material from the two puffs. The other puff is assigned
zero material. After the list has been scanned, those purfs with zero
material are discarded and the remaining puffs are renumbered accordingly.
Those puffs which have passed outside the modeling domain are also removed
because such puffs have their content set to zero In the subroutine ADV 2ND.

.-... ,:
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18. Function NEXTHR (IHOUR)

This simple function increments the hour and ensures that the time
remains between 0000 and 2300.

19. Subroutine OUTNOW (NHOUR, ISTAB) .

This subroutine prints the calculated concentrations for all the hours
considered and the most recent meteorological parameters when all the calcula-
tions are completed. Only non-zero concentrations are printed.

20. Subroutine RELHT (RHS, XRHS)

The array of grid cell terrain elevations and mixing heights XRHS Is
- scanned to determine the lowest point at the surface. All other elevations
. (at the surface and the top of the domain) are transformed so that they are

measured relative to the low point. The transformed heights are returned in
the array RHS.

21. Subroutine VIRTVL, (ISTAB, SL)

This subroutine is called whenever there is a change of stability class
from one hour to the next. First, the current values of a and a are
determined from the virtual travel distances and the stability cla~s (SL)Zfor
the preceding hour. The virtual travel distances are recalculated for the new
stability class (ISTAB).

22. Subroutine WIND (KEY, XX, YY, ZZ, U1, U2, U3)

This subroutine is used to determine If a puff is outside the modeling
domain. If so, the flag LOUTFL is set to .TRUE. so that the puff will be
discarded later. If a wind has not been calculated for the cell, the subrou-
tine GETWND is called. Otherwise, the u,v, and w components (U1,U2,U3) that
have previously been stored in the array WNDUVW(IX,IY,IZ,I) are returned; the
index I denotes the component (I=O for u to I=2 for w).

23. Function WINDIR (WD)

This function converts the wind direction in meteorological convention
(i.e. the direction from which the wind blows--measured clockwise from north)
to mathematical vector convention (i.e. the direction toward which a vector
points, measured counterclockwise from east). The wind direction is also . .
converted from degrees to radians.
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24. Subroutine WINDDO

This subroutine reads the appropriate precalculated wIndfields from the
logical unit IREAD. The appropriate logical unit is determined by a call to
subroutine FILEID. The precalculated solutions are stored In the array PRECAL

(IX,IY,LEVEL,ICOMP,IGEN). The first two indices refer to the grid cells in
the x and y directions numbered from 0 to 9. The Index, LEVEL, differentiates
the top and the bottom of the domain; 0 denotes the bottom and 1 the top.
ICOMPS designates the wind components (0-u, 1=v, 2=w). The final argument,

IGEN, identifies the solution, with a value of 0 for the mean wind solution, 1
for the eigenvector explaining the most variance and so forth. This subrou- OeJ
tine stores the ID of the logical unit from which solutions were last read
(LAST) so that a new set of solutions will be read only when there has been a
significant change in the mixing depth.

25. Subroutine WINDBAR (WNDUVW, YORIGON) "-•,.

This subroutine sets the w components stored at the beginning of a
10-minute period in the array WNDUVW equal to the y coordinate of the grid

origin. As noted before, this allows identification of grid cells for which
winds have not yet been calculated.

iIR
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IV USE OF THE MODEL

A. Preprocessing of The Wind Information

1. General

As noted earlier, the preprocessing of the data makes use of programs
that have been developed and described in detail by Endlich and Lee (1983) and
Endlich et al (1980). Appendix A provides a listing of preprocessing pro-
grams. The remainder of this section provides a brief overview of how those
programs are to be used. If more details are needed, the original references
should be consulted. Briefly, the procedure requires that an extended period
of wind data be available (up to one year) so that those data can be used to
derive the necessary eigenvectors of their covariance matrix. These results
are then input with terrain. information into the program which calculates
mass-consistent flow patterns. These mass-consistent flow patterns will be
developed for several mixing height categories. Results of the computations
are then stored in the form that can be easily used by the diffusion model. A
block diagram showing the steps required to derive wind statistics and the
computer programs used is given in Figure 3.

2. Programs in the Preprocessing Package

Ca) Program TERRAIN

This program reads digital terrain data obtained on magnetic tape (nine
track, 1600 bpi) from the National Cartographic Information Center, Reston,
Virginia 22092 (telephone 703/860-6045). Each tape contains data for up to
seven 10 lat.-long. regions These data are read from logical unit 1. The
program selects part of the original dense data and averages it to produce
smoothed height values for small areas having sides of 0.010 in lat. and
long. The output is an array HT(101,101) of smoothed height values with point
(I11) at the southwest corner. The array is written in a file on logical unit
2. We will refer to this information as output AO.

The program also gives a printout of the smoothed height data. The

height interval of the symbols is controlled by the parameter HTINT, which is
read from logical unit 5 in the format F6.1. The listing of this program is
given in Appendix A.

(b) Program GRIDAT

This program selects grid point values of terrain height from tapes of
type AO (see Program TERRAIN). The grid point values of terrain height are
assembled in the array GHT(22,22). GHT(1,1) is at the southwest corner of the
array. The input parameters are:

27

• -. ,1* * . * . -



- - 3 -77 .
7 . ....

DIGITAL NWS STATION 5. *
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FIGURE 3 BLOCK DIAGRAM OF WIND PROCESSOR PROGRAMS
(AFTER ENDLICH AND LEE, 1983)
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MX-- Number of columns in the terrain height array

NY-- Number of rows in the terrain height array

NGCX,NGCY -- Column and row of the site
GINCX,GINCY -- Grid increments (kin) in the x and y directions

NFILES -- Number of files of data on the input tape

SLAT,SLNG -- Latitude and longitude of the site in degrees and

hundredths

SHGT -- Actual height of the site

NFILES -- Number of files of data on the input tape.

Table 2 gives the formats of the input parameters.

Table 2

INPUT FOR PROGRAM GRIDHT

Input
Record
No. Variables Format

1 MX, NY, NGCX, NGCY 415,2F6.1

GINCX, GINCY

2 SLAT, SLONG, SHOT 3F10.3

3 NFILS 15

The array GHT is written (or punched on cards in the version given here) .
in the format 11F6.0 for use by the windflow model (COMPLEX). The listing of
this program is given in Appendix A.

c. Program GEOCAL

This program creates a file of weather data for groups of weather sta-
tions. The file includes u and v components (m sI) and geostrophic wind
computed from sea-level pressure data. A stability index is also computed
from cloud and temperature data. The file is written on logical unit 2. IP

The input data are National Weather Service TD-1440 Airways Surface
Observations, Card Deck 144, on nine-track, 1600 bpi, EBCDIC magnetic tapes.
They are read on logical unit 1. Each tape contains a year of data for 4 to 6
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stations. The weather data may be obtained from the National Climatic Data
Center, Federal Building, Asheville, North Carolina 28801 (telephone 704/258- ,.-
2850). The program fills in missing or garbled data with the last available 'V
reliable observation.

The input parameters (read from logical unit 5) are:

NSTA -- Number of weather stations used

IU1, IU2, IU3 -- Indices of stations used in geostrophic wind
computation

IDATES -- Starting date in terms of year, month, day (example
770101)

IGHS -- Starting hour (GMT)

ISTA -- Weather station identification numbers used by NCDC

IGMT -- Time corrections to convert local time to GMT for weather
stations

ALAT -- Latitude of weather stations

ALONG -- Longitude of weather stations

IFMT2 -- Header format for data printout (on logical unit 6)

IFMT5 -- Data format for printout.

Table 3 gives the formats for the input cards.

Table 3

INPUT FOR PROGRAM GEOCAL

Input
Record

No. Variables Format

1 NSTA, IU1, IU2, IU3 1018 k
IDATES, IGHS

2 ISTA(L) 1018

3 IGMT(L) 1018

4 ALAT(L) 10F8.2

5 ALON(L) 1OF8.2

6 IFMT2 8A10

7 IFMT5 8A10
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The output is a file on logical unit 2 of wind components and stability
at each station, and a geostrophic wind for the area. The data are in synop-
tic order. For 1977, the data are at three-hourly intervals. This output is
referred to as CO.

The listing of this program is given in Appendix A.

d. Program XFORM

This program makes use of subroutines from the International Mathematical

and Statistical Library (IMSL). A detailed description of Its use in wind
energy evaluation was given by Bhumralkar et al (1978). The program calls
IMSL subroutines to compute a covariance matrix of the input data, the elgen- 6"""
vectors of the covariance matrix, and the coefficients of the eigenvectors.

Other subroutines could be substituted to perform these functions. The call- .i
Ing parameters are described in detail in the listing of this program given in
Appendix A.

The input data are station wind data in terms of u and v components and
geostrophic wind components at three-hourly intervals from tapes of type CO
(see program GEOCAL).

The output includes a listing of the mean winds, the eigenvectors, and
the percentage of variance explained by each eigenvector. The means and
eigenvectors are punched on cards (in the version given here) for use by the
windflow model. Also, the coefficients of each elgenvector at each time are
written in a file on tapes designated DO. These coefficients are not used in

the application with the transport and diffusion model.

e. Program CMPLX3

This program comprises the windfiow model, which is a modified version of
- the COMPLEX model described by Endlich and Lee (1983). The model computes

nondivergent winds that conform to the terrain and to the shape of the bound- ,.
ary-layer top. The program requires terrain heights for a coarse grid and a
fine grid as given by Program GRIDHT. It also requires the mean winds and the

significant eigenvectors from Program XFORM. The input parameters are:

JSITE -- Site identification number

NWIND -- Number of wind patterns (data sets) to be treated

NGRID -- Number of grids to be used

IXZ,JYZ -- Column, row of the site in the coarse grid

IXSS, JYSS -- Column, row of the site in the fine grid

HSITE -- Elevation of the site in feet (not used for this
application) " '-

MI, NI -- Number of columns, rows in the coarse grid
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MR, NR -- Number of columns, rows In the fine grid r.

IX - Ratio of coarse grid spacing to fine grid spacing in the x
direction.

JZ -- Ratio of coarse grid spacing to fine grid spacing in the y

direction

DSI -- Coarse grid increment (km)

DSR -- Fine grid increment (kin)

AVTHK -- Average thickness of the boundary layer (m)

SLFAC -- Slope factor for the boundary-layer top

(see Endlich and Lee, 1983)

STHK -- Minimum boundary layer thickness over high terrain (m)

NREL -- Upper limit on the number of relaxations permitted (see
Section II-B)

RATIO -- Ratio of vertical to horizontal wind alterations

IPNCH -- Punch control (k 20 punches output); program should p',

probably be changed to write records to disk.

Additional parameters used in output are:

IV -- Eigenvector number

UV -- u component of site wind (not used for this application)

VA -- v component of site wind (not used for this application).

The input record formats are shown in Table 4. .- -"

The output of CMPLX3 is a field of u, v, and w wind components corre- .-

sponding to the input wind pattern.

The principal subroutines are:

TOPO -- Reads in the terrain heights and computes the relative

heights of the sigma surfaces at each mesh point

SETBLT -- Computes the height of the boundary-layer top based on
the input values of thickness and slope

INWND -- Computes the initial estimate of winds for COMPLEX based
on the station winds at anemometer height for a wind pattern -

(i.e, the mean winds or an eigenvector) and the associated
geostrophic wind at the upper boundary. Values of wind of *

intermediate heights are determined by logarithmic interpo-
lation. The subroutine also interpolates initial winds for
the fine grid from the altered winds of the coarse grid
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Table 14

INPUT FOR PROGRAM CMPLX3

Record
No. Variables Format

1 JSITE 115
2 NWIND, NGRID 215
3 InZ, JYZI IXSS, JYSS, ~ 415, F10.2

HSITE

14 MI, NI, MR, NR, IZ, JZ, 615, 2F10.2
DSI, DSR

5 AVTHK, SLFAC, STHK, DNI F10.1, F10.2, F10.1, 115

6 NREL, Ratio, IPNCH 15, E10.1, 15

Output Record A

1 JSITE, IV, UA, VA, DNI, 215, 2F10.2, I5, F10.0.
AVTHK, SLFAC, STHK F5.1, F8.0

NET -- Interpolates grid-point values of' wind components at
anemometer height from the station values for each wind
pattern being processed

RELAX3 -- Alters the initial winds to a nondivergent condition.

B. Running MADICT

1. General

The program MADICT can be run interactively; some fixed Input files are
- 'required for the eigenvectors and the wind field solutions. Those file

requirements are described below. Examples Illustrating the Interactive
* Inputs are presented in Appendix C.

N2. File Requirements for Preprocessed Wind Information

(a) Eigenvectors and Mean Winds

The elgenvectors and mean winds are read from logical unit IVREAD,
(assigned the value 11 in the subroutine EVCO). The format of the file is
given In Table 5. The program assumes the values that follow when IV =0 are

* the mean components (UM and VM) for each of the NWINDS stations; NWINDS
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includes all the ground level sites plus one upper level wind used in defining
the eigenvectors. The code also assumes that N - NEIGN+1 is the eigenvector
that explains the most variance, and lower IV values are associated with
successively less important eigenvectors. NOTE: NEIGN=9 is used in PARAMETER
statements in various subroutines. An appropriate value should be substituted
for cases where the total number of eigenvectors is not 10 (equivalent to 5
wind observations in an input data set.

Table 5

EIGENVECTOR INPUT FILE

(Logical Unit = 11)

Parameter Format Remarks , ,

IV I10 Identifies Eigenvector Number
(see text)

UE, VE 2F10.2 u and v components of eigenvector or

or UM, VM mean winds.

Finally, it is best to arrange the eigenvector input data file with the
means first, followed by the eigenvectors In order of decreasing importan c?.
Note also that the magnitude of the input eigenvectors should be 100 cm s-.
An example of an input eigenvector file is given in Table 6. The example
given would not permit the use of more than four eigenvectors for reconstruc-
ting wind field solutions.

(b) Wind Field Solution Sets

The solution wind fields are read from logical units 21, 22 ... (20 +

NFILES) where NFILES is the number of solution sets stored. Each file of
solution sets should correspond to a different mixing depth category. The
number of such files (NILES) is currently set to 2 in a PARAMETER statement
in the subroutine FILEID.

The formats on these files should be as shown in Table 7. The files for
logical units, 21, 22 etc. should be arranged so that they correspond to
solution sets for increasing mixing depth. Within each file, the first por-
tion should be the solution for the mean, with subsequent sections giving
solutions for eigenvectors that account for decreasing amounts of the wind
variance. Examples of these files are given with the sample problems in

: Appendix C.
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Table 6

EXAMPLE OF AN EIGENVECTOR INPUT FILE FOR NEIGN=9

0

231.34 68.89

37.39 72.13

220.68 -1147.67

1714.68 -214.78

1027.02 -530.07

10

-20.61 -5.143

-7.41 -14.91

-114.22 6.77

-5.21 0.147

-93.51 21.15

9

314.02 -15.01

-0.10 -22.52

'19.54 -8.31

16.146 -17.55

-27.96 -79.37

8

22.65 -22.08 i

46.91 -50.71

38.16 -27.88

-3.64 -7.96

-2.89 42.80

7

80.61 -15.148

-27.114 32.29

-7.77 0.91

-28.79 3.24

-8.143 22.63
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Table T

WIND FIELD SOLUTION INPUT DATA FILES

Record Parameters Format Remarks

1 JSITE, IV, DNI, 1X, 1A4, 215, JSITE, DNI and SLFAC
AVTHK, SLFAC F10.0, F5.1 are not used. AVTHK

is the mixing depth
(in) used to obtain
solutions

2-51 (U.V.W.Z) 5 4  8F10.2 The wind components
and elevations at the

52-101 (UsV9W.Z)t0 p AF1O.2 bottom (rec 2-51) and
top (52-101) of the '

layer for the mean.*
solution. Values X
from this file are
stored in the arrays
PRECAL (IX, IY, IZ,
ICOMP,LEVEL, NEIGN)
and RHS (IX, IY,
LEVEL) by Subroutine
WINDDO. Sets of
values are read f or
rows of grid points
(west-to-east). The
rows are read south-
to-north.

102 same as same as
record 1 record 1

103-202 same as same as same as 2-101 except
2-101 2-101 for the next eigen-

vector solution

repeats solutions for
through eigenvectcrs of

all solutions decreasing importance.
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3. Interactive Inputs

When the program is run, it will ask for a series of inputs. Examples
are given in Appendix C. The remainder of this section discusses the required
interactive inputs.

(1) Receptor spacing (m)? The user supplies the distance in meters
* between points at which concentrations are to be calculated. The

area within which concentration is calculated will be a square
twenty times this size centered on the source. The spacing number
should probably be between 25 m and 500 m in order to provide
reasonable coverage and detail. Puffs are tracked outside this
area--to about ±15 km in all directions, and can return to thecalculation grid upon wind reversal.

(2) How many wind sites? This input must match the number of wind
measurement sites used for the calculation of the wind field
solution sets (excluding the upper level wind).

(3) How many empirical orthogonal functions? The number input here 4'

must be than the number of eigenvector solution fields that you
have provided.

(4) Source x, y, z? The input values for x and y should be in the same
coordinate system as the calculation grid (i.e. the origin is at '.

-15000, -15000) and should be near the center of the computational
area (near 0,0). The height (z) should be relative to the local
surface. The source should be below the mixing height. The input
values for x, y and z are separated by commas.

(5) Hour? A 2-digit (24-hr clock) hour of the day is input. This is a
bookkeeping measure and no checks are made for consistency (e.g.
with stability class).

(6) Mixing height and stability class (Pasquill-Gifford, as an integer
from 1 to 6)? These values remain unchanged through the next
hour. Separate the input values with commas.

(7) Source strength (grams/sec)? Almost any reasonable value can be
used. The value remains constant for the ensuing hour. Calculated

concentration values will be in terms of whatever mass units are
used (per cubic meter).

(8) Speed (m/s) and direction? (Degrees clockwise from north--meteoro-
logical convention). This input request will be repeated enough
times to provide inputs at all wind sites and at the top of the
domain for the beginning of the hour. After asking for the winds
at the beginning of the hour, the program asks for the values at
the end of the hour. This second set of inputs may differ in any
reasonable way from those that have been input for the beginning of
the hour. Separate the speed and direction inputs with a space or
comma. Zero wind speeds are permissible.
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* The program calculations take place after the winds have been Input. At
-,the end of the hour it calculates concentrations, returns to step (6), and

asks f or the mixing height and stability for the coming hour. Program execu-
tion can be terminated with the Input of a negative mixing depth. It will
then write the calculated concentration values and stop. If you continue ,
the program then asks for source strength for the next hour, followed by a
request for winds at all sites for the end of the next hour. The program will
repeat the process until five hours have elapsed (or a negative mixing height
Is supplied). It then stops and writes the accumulated results.

'. %.
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Appendix A

PROGRAM LISTINGS FOR WIND PREPROCESSORS L

Program Terrain

Subroutines: AVERG
SELECT
UNPK16
AP RI NTG02EOF

KEB264 .

Program GRIDHT"-

Program GEOCAL

Subrouti nes: STABLE

RECORD
IDENT -

Progam XFORM

Subroutine: SUB2

Program CMPLX3
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PROGRAM TERRA! NC!NPUT, OUTPUT, TAPE1, TAPE2, TAPE~s. IPUT)
C**FOR READING DIGITAL TERRAIN DATA AT .005 DEG INTERVALS AND SMOOTHING
C TO GET .01 DEG VALUJES
CsSTAPE 1 IS INPUT FROM NCIC, TAPE 2 1S SMOOTHED OUTPUT
C* PT(1,1) IS AT SW CORNER OF 1 DES BLOCK. DATA EXTEND TO NEXT WHOLE
C LAT AND LONG.I. Cs TERRAIN HEIGHT DATA ARE HT(KY,JX). KY IS COUNTER S TO N, JX IS W TO E
Cm* BY R. ENDLICH , SRI, MAY 79

DIMENSION IX(2),IY(2) V
DIMENSION IA(1800),IUNP K(I4)
DIMENSION KHAR(1O),LINE(12)
COMMON /C1/ RT(4370)
COMMON /C2/ PRC2O2,2)
COMMON /C3/ HT(101,101)
COMMON /C4/ IXSWC, DELX
DATA KHAR/1OH 123456789,10H ABCDEFGHI,10H JKLMNOPOR,10H STUVWXYZ+,

+1011 123456789,1014 ABCDEFGHI,10H JKLMNOPOR, ION STUVWXYZ+,10H 123456 :
+789, iOH ABCDEFGHI/

C READ 9010, NMAREA,TAPEID,".ECTN,IFILE
C PRINT 9015, NMAREA, TAPEID,.SECTN, IFILE

REWIND 1
NUMRECO $ JXu 1 S K12 m2

C READ HEADER RECORD
200 BUFFER IN (1,1) CRT(1).RT(4370))

ERRORzIH S NUNREC = NUMREC +1I
IF (UNITC1)) 230,210,220

210 PRINT 22
CALL REMARK(20HEOF AT HEADER RECORD)

GO TO 6002220 ERROR :4HP.E.
C HEADER RECORD IS OK
230 LAST = 4370

LENREC v LENGTN(1)
K12 z 3 - K12
IF (NUMREC .EO. 1) CALL APRINT(RT,NAME,IFILE,S)

C PRINT 331, NUMREC, LENREC, ERRO-R, (RT(I),Ia1,LENREC)
IBYTE s 9 S IF (NUMREC .EQ.1) IBYTE z 91
CALL UNPKSCRT,IBYTE ,IUNPK(I),14)
IXCK12)*SHIFT(IUNF'K(1),8) OR. IUNPK(2)

IY(K12) z SHIFT(IUNPK(3),S) COR.IUNPK(4)
IDX z SHIFT(IUNPK(5),S) .OR.IUNPK(6)
IDY z SHIFT(IUNPK(7),8) .OR.IUNPK(8)
NPTS z SHIFT(IUNPK(9),8) .OR.IUNPK(I0) -

IMI z SHIFT(IUNPKC11),S) .OR.IUNPK(12)
1142 z SHIFT(IUNPK(13),S) .OR.IUNPK(14)I PRINT 332, NUMREC,LENREC,IX(K12),IYCKI2),IDX,IDY,NPTS II,IH2

+ ,ERROR
,,- (JX .LT. 2 .AND. NPTS .LT. 1740) 0O TO 200

IF CNPTS .LT. 1740) GO TO 235
CALL UNPK16(RT,(IBYTE+10)/2+1,IA(1),NPTS)

Cgt PRINT 9027, (IA(L),L=1701,l800)
Cs PRINT 9027, CIA(L),L= 1, 100)

CALL SELECTCNPTS,K12. (IBYTE+10)/2)
IF (JX GT. 1I- GO TO 245

235 CONTINUE

1''
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DO 240 KYl = 1,202
: . ~PR(KY1,3-K12) = PR(KY1,K12) -;.240 CONTINUE P(YK1

O0 TO 250
245 CONTINUE

NSX = IXSWC + (JX -1) * DELX
PRINT 9026, NUMRECJXK12,IX(K12),NSX
IF (NSX .GT. IX(K12) ) GO TO 200 .a.

* C' PRINT 9026, NUMREC,JXK12,[X(K12),NSX.
250 CALL AVERG(JX) .. , -

C PRINT 9028, (HT(KY,JX),KY=91,101)
JX = JX + 1 -- %

IF (JX .GT. 101) GO TO 600
GO TO 200

600 CONTINUE
602 IF (JX .GT. 101) GO TO 605

DO 603 KY 1,101
HT(KY,JX) = HT(KY,JX-1)

603 CONTINUE
JX = JX +1

GO TO 602
605 CONTINUE

WRITE(2) ((HT(K,J),K=1.Of),J=1,101)
READ(5, 15) HTINT
PRINT 9032, HTINT

SCFC = 1.0/HTINT
PRINT 9040
DO 615 KY = 1,101
KYP = 101 - KY +1

DO 610 JX = 1,101
HTD = HT[KYP,JX)
K = SCFC * HTD +1
IF (HTD .GT. 0.0 .AND. HTD .LE. 25.0) K =32 ; FOR SHORELINE.-
IF (K .LT.1) K =1 S IF (K .GT. 100) K = 100
CALL CHAR(KHAR,K,INE,JX,1) USUAL ORDER REVERSED

610 CONTINUE
PRINT 9030,KYP,LINE

615 CONTINUE
PRINT 9040

10 FORMAT (A1O)
15 FORMAT (F6.1)
21 FORMAT (*OERROR 110 - CANT RECOGNIZE NAME*A11,/,(1OX,IOA11)).
22 FORMAT ('OERROR 210 - EOF AT HEADER RECORD*)
23 FORMAT (2X,16,2A10, 16)
331 FORMAT (*ORECORD m215,AI2,/,(IOX,5022))
332 FORMAT (XA14,16,2X,216,2X,216,17,2X,216,5X,AIO)
9010 FORMAT (3,A1015)
9015 FORMAT (2X,3A10,* FILE =*16)
9026 FORM T (2X,615)
9027 F 'AT (1X,4(2X,515))
9028 FORMAT (1X,4(1X,5F6.O))
9030 FORMAT (4X,15,2X,12A10)
9032 FORMAT (1H1," HEIGHT INTERVAL *F6.1)
9040 FORMAT(/11X,91HO), 1O(1H1),10(1H2), 10U1!3),10(1H4),10(IH5).

+10(1H),10(1H7),10(1H8),10(1H9),1HO/I1X,
+10(1OH1234567890)/)

9042 FORMAT (1OO(lX,O(lX,O3)/))
END
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SU!3ROUTi NE AVERG(JCOL)
C* AVERAGE PR(XI) AND PR(X,2) TO GIVE SMOOTHED TERRAIN AT .01 DEG INCR

COMMON /C2/ PR(202,2)
COMMON /C3/ HT(101,101)

HT(1,JCOL) a 0.5 z(PR(1,1) + PR(1,2))
00 100 KY2 s 3,201,2

KYl a (KY2 +1)/2
HT(KY1,JCOL) = .16667 * (PR(KY2-1,1) +PR(KY2,1) + PR(KY2+1,1)

+ + PR(KY2-1,2) + PR(KY2,2) + Pol(KY2+1,2))
100 CONTINUE

RETURN
END

SUBROUTINE SELECT(NN,JCOL, 116)
C* IUNPK IS RAW TERRAIN DATA, NN IS NO. OF PTS IN PROFILE, JCOL IS COL.

COMMON /C1/ RT(4370)
COMMON /C2/ PR(202,2)

CALL UNPK16(RT,116+1,IB1)
PR(1,JCOL) = IS
DELY z (NN-1)/200.0
KBVG = 2 S KEND a 202 8 KSKIP 1

DO 50 KN c KBEG,KEND,KSKIP
NSY a 1.0 + (KN-1) * DELY
IF (NSY .GT. NN) GO TO 45
CALL UNPK16(RT,i16+NSY.IB,1)
PR(KNJCOL) = I
GO TO 48

45 PR(KN,JCOL) a PRCKN-1,JCOL)
C48 IF (KN .LT. 6 OR. KN .GT. 195) PRINT 9002, KN,NSY,PR(KN,JCOL)
48 CONTINUE
50 CONTINUE
9002 FORMAT (3X,218,FlO.0)

RETURN
END

SUBROUTINE UNPK16(PACK, IB,1 16,N16)
C REVISION DATE: JULY 24, 1978
C UNPACK *Nl6* 16-BIT BYTES FROM *PACK*, STARTING WITH THE 1-TH ONE,
C AND STORE INTO *116*.
C USES MUNPK8* TO FIRST UNPACK INTO 8 BIT BYTES.
C-----------------------------------------------------------------------------

DIMENSION PACK(l),116(t),1888(2)
C------------------------------------------------------------ -----------------

18 z 2*1 - 3
DO 10 I11,N16

18 2 1 + 2
CALL UNPKS(PACK, 18, I6BB,2)

116(f) = SHIFT(188B(1) .AND. 1779,6) .OR. 1SB(2)
C CHECK FOR SIGN BIT

IF ((IBB(1).AND.200) EQ. 0) GO TO 10116(1) a -116(I) -1" --',

10 CONTINUE
RETURN

c ---- ------------------------------------------------------------------------
END

455
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SUBROUTINE APRINT(DATA,NAMEIFIL,IBEG)
C REVISION DATE: APRIL 24, 1979
C PRINT THE CONTENTS OF A TYPE A LOGICAL RECORD FROM A DIGITAL TERRAIN TAPE
C USES UNPKB AND CHAR (FROM LIBRARY WINDLIB/UNnOEBJF)
C---- . ..-----------------------------------------------------------------------

LOGICAL DEBUG
DIMENSION OATA(1),IUNPK(1S),CORNER(4),SHEET(2),UNITS(2)

COMMON /C4/ IXSWC, DELX
DATA DEBUG/.FALSE./ ;NO DEBUGGINC PRINTOUT
DATA DEBUG/.TRUE./ ;DELETE THIS CARD WHEN THIS SUBROUTINE WORKS
DATA UNITS/6HMETERS,5H FEET/
DATA CORNER/9HSOUTHWEST, 9HNORTHWEST, 9HNORTHEAST, 9HSOUTHEAST/

C ----------------------------------------------------------------------------------
N32BIT(I1,12,13,14) = SHIFT(SH.FT(I1,52).OR.SHIFT(12,44)

+ .OR.SHIFT(13,36).OR.SHIFT(14.20),-28)
C-----------------------------------------------------------------------------

I FORMAT (" SUBAREA"A11 "FILE:1"12)
2 FORMAT (35X," MAP PROJ ELEVATION"
+ /3X"S H E E T SERIES EDITION PROJ ZONE U N I T " "-"
+ "N U M B E R"5X"I D I D CODE NUM CODE TYPE"
+ /1X,AIO,A2,3X,AS,3X,A6,3X,14,3X,14,2X,14,1X,A6)

3 FORMAT (13X"I N C H E S D E G R E E S"7X"DEG.MIN.SEC"
+ ,11X"ARC-SECONDS" ., -

+ /15X"X Y"8X"LON LAT"6X"L 0 N L A T"
+ ,BX"L 0 N L A T")

4 FORMAT (1X,A9,2X,2F6.2,3X,F7.2,F6.2,3X,14"."J2"."12
+ ,13"."12"."2,4X,217)

C ---- ------------------------------------------------------------------------
C BYTES 1-12: SHEET NUMBER (EBCDIC CODE)

10 CALL UNPKS(DATAIBEG+,IUNPK,12)
11 FORMAT ("OBYTES 1-12:"12(1X,03))

IF (DEBUG) PRINT 11, (IUNPK(I),I1a,12)
DO 12 1=1,12

CALL KEB264 (I UNPK( I) ,SHEET, I)
12 CONTINUE

C BYTES 13-18: SERIES ID (EBCDID CODE)
20 CALL UNPK8(DATA, IBEG+13, !UNPK,6)
21 FORMAT ("OBYTES 13-18:"12(lX,03))

DO 22 1=1,6
IF (DEBUG) PRINT 21, CIUNPK(I),I=I,6) .'.

CALL KES264(IUNPK(!),SERIES,I)
22 CONTINUE

C BYTES 19-24: EDITION ID (EBCDIC CODE)
30 CALL UNPKS(DATA, IBEG+19, IUNPK,6)
31 FORMAT ("OBYTES 19-24:"12(1X,03))

IF (DEBUG) PRINT 31, (IUNPK(I),I=1,6)
DO 32 1=1,6

CALL KEB264(IUNPK(l),EDITION,I)
32 CONTINUE

C MAP PROJECTION CODE, PROJECTION ZONE NUMBER, AND ELEVATION UNITS CODE
40 CALL UNPKS(DATA, IBEG+25, IUNPK,6)
41 FORMAT ("OBYTES 25-30:"12(1X,03))

IF (DEBUG) PRINT 41, (IUNPK(I),I=I,6)
IPROJ = SHIFT(IUNPK(1),8).OR.IUNPl<(2) ;BYTES 25-26

46, . --.
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IZONE =SHIFT(IUNPK(3),8).OR.IUNPK(4) ;BYTES 27-28
C YTSIUNITS SHIFT(IUNPK(5),8).OR.IUNPK(6) ;BYTE3 29-30
c BYTES31-46: (X,Y) OF MAP CORNERS -- INCHES
50 CALL UNPKS(DATAIBEG+31,IUNPK,16)
51 FORMAT ("OBYTES 31-46:'16(1X,03))

IF (DEBUG) PRINT 51, (IUNPK(I),11l,16)
XSW z 0.OISFLOAT(CSHIFT(IUNPK( 1),O).OR.IUNPK( 2)))
YSW aO.Ol2FLOAT((SHIFT(IUNPK( 3),S).OR.IUNPK( 4)))
XNW z 0.O1*FLOATC(SHIFT(IUNPK( 5),S).OR.IUNPK( 6)))
YNW z 0.Ol*FLOAT((SHIFT(IUNPK( 7),S).OR.IUNPK( 8)))
XNE =0.O1*FLOAT((SHJFT(IUNPK( 9),8).OR.IUNPK(I0)))
YNE z O.01*FLOAT((SHIFT(IUNPK(11),6).OR. IUNPKC12)))
)(SE =0.01*FLOAT((SHIFTC[IUNPKC13),6).OR. IUNPKC14)))
YSE =0.01*FLOAT((SHIFT(ILJNPKC15),S).OR. IUNPKC16)))

DELX zXSE - XSW
IXSWC c100 * XSW

C BYTES 47-78: LON-LAT OF CORNrRS OF AREA COVERED BY THE MAP
60 CALL UNPK8(DATA, IBE(.o+47, aUNPK, 16)
61 FORMAT ("OBYTES 47-62:1116C1X,03))
62 FORMAT ("OBYTES 63-78:'116(1X,03))

IF (DEBUG) PRINT 61, CIUNPK(I),I=1.,16)
LONSW rN32BIT(IUNPK( 1),IUNPKC 2),IUNPK( 3), IUNPK( 4)) -1
LATSW = N32BIT(IUNPK( 5),IUNPKC 6),IUNPK( 7),IUNPK( 8))
LONNW = N32B]T(IUNPK( 9),IUNPKC1O),IUNPK(11),IUNPK(12)) -1
LATNW =N32BIT(IUNPK(13),IUNPK(14),IUNPK(15),IUNPK(16))
CALL UNPKS(DATA, IBEG+63, IUNPK, 16)
IF (DEBUG) PRINT 62, (IUNPK(I),1=1,16)
LONNE = N32BIT(IUNPK( 1),IUNPK( 2),IUNPK( 3),IUNPK( 4)) -1
LATNE cN32BIT(IUNPK( 5),IUNPK( 6),IUNPK( 7),IUNPK( 6))
LONSE =N32SIT(IUNPK( 9),IUNPK(10),IUNPK(11),IUNPK(12)) -1
LATSE =N3281T(IUNPK(13),II.NPK(14),IUNPK(15),IUNPK(16))
PRINT 1, NAME,IFIL
PRINT2,SHEET,SERIES,EDITION,IPROJIZONEiUNITSUNITSCIUNITS+1)
PRINT 3
X=XSW S Y=YSW S LON=LCNSW S LAT:LATSW S IGOTO=I S GO TO 80

71 X=XN'. S Y=YNW S LON=LCNNW S LAT=LATNW S IGOTOz2 S GO TO 80
72 X=XNE S Y=YNE $ LON=LONNE S LAT=LATNE S 1G0TO=3 $ GO TO 80
73 X=XSE S Y=YSE S LON=LONSE S LAT:LATSE S IGOTO=4 S GO TO 80
74 RETURN

C PRINT A LINE FOR THE LOCATIONS OF A CORNER
8o OLON = LON/3600.0 s OLAT z LAT/3600.0

LOND =ISIGN(IABS(LVN)P600,LON)
LATD = LAT/3600
LONW IOO((IABS(LON)/6O),60)
LATM = MOD(LAT/60, 60)
LONS =MOD(IABS(LON), 60)
LATS = MOD(LAT,60)

CALL DATEX(c'ATEI ,DATE2)
PRINT 9005, DATE1,DATE2

9005 FORMAT(1X,Al0,Al-)
PRINT 4, COFNER(IGOTO),XY,DLON,DLAT,

+ LOND,LONM,LONS, LATDLATM,LATS, LON,LAT
WRITE(2) DATEI,DATE2,CORNER(IGOTO),X,YDLON,DLAT,
1 LOJND,LONIM, LONS,LATfl,LATM,LATrs,LON,LAT

GO TO (71,72,73,-4).IGOTO

247



SUBROUTINE GO02EOF(LUN, NEOF,NRFC)
C REVISION DATE: AUGUST 1977 .

C SKIP TO THE NEOF-TH END OF FILE ON LOGICAL UNIT NUMBER *LUNS.

C NOTE THAT THIS VERSION USES *BUFFER IN* TO READ THE DATA.

10 IF (NEOF .LT. 1) 90 TO 90
IEOF = 0

20 BUFFER IN (LUN,1) (NULL,NULL)
NREC a NREC + 1
IF (UNIT(LUN)) 20,30,20

30 IEOF = IEOF + 1
IF CIEOF .LT. NEOF) GO TO 20

90 RETURN

END

SUBROUTINE KE'r264([IBIT,STRING,K)
C REVISION DATE: JULY 21, 1978
C BY TABLE LOOKUP, CONVERT SISSITS FROM AN S-BIT, RIGHT JUSTIFIED, EXTERNAL BCD
C COOED (EBCOIC) CHARACTER TO A CDC-6400 INTERNAL DISPLAY CODED CHATACTER
C STORED IN THE PROPER CHARACTER POSITION OF XSTRING*. ."'."

C USE SUBROUTINE *CHAR* TO TRANSFER THE PROPER SIX BIT CHATACTER FROM THE
C PACKED CONVERSION TABLE INTO THE K-TH CHARACTER OF wSTRING, .-

C-----------------------------------------------------------------------------
DIMENSION TABLE(26)
DATA TABLE/

+ 0 0 0 0.

. 0 0 0 ,1OH ("
+ ,0 '10H $*);--/ ,IOH , ,1OH>
+ ,1OH : "a" A,IOHBCDEFGHI ,1OH JKLMN,1OHOPQR
+ 1OH STUVWXYZ, 0 , 0 ,1OH ABCDEFG
+ IOHHI J, IOHKLMNOPQR ,IOH STUV,1OHWXYZ
+ 10H0123456789, 0 /

C------------------------------------------------------------------------------
CALL CHAR(TABLE,ISBIT+I,STRING,K,1)
RETURN

C---------------------------- -------------------------------------------------
END

k. I
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PROGRmAM GRl OS, CDC 6700 FIN VJ.0-JbSF- OPTIZI 790*12.46. 13.51

PROGRAM GARIDHTI INPUT *OUTPUT ThPEl oUNCI
CO USE SMOOTHED .01 DEG TERRAIN "EIGHTS. PICKS OUT PROPER VALUES
C FOP GPIU P1S. SNOors~es FURTHER FOR AREAS EQUIVALENT TO GRID SPACING
Ce BY R ENDLIC". SaI ?7'79

OIMENSIU4 ALATg222).ALNGI22o.28.GNT4a22.2b.4pAI2aZ22hGV4Z22.a2
DIMENSION W4101I.6011

READ 9001. I$XoVNGCX.SGCYOGINCX.Gi~CY '
PRINT 9002. MXMNV.NtGCX.NGCVoGINCX.GIMCY
READ 9003. SLAT. SLNG# S14GT
PRINT 9004. SLAT. SING. 5MG?

Ce HEIGHT DATA ARE HT(IX.IVI IN FIEET
CO NGCX. NGCY ARE COLUMN AND ROW OF SITE. In GOES long AV GOES LeNT
C fl.2) IS So CORNER. GRID INCRENENTS AREIN KM*
Ce GAI . b HAS A VALUES OF GRID PTS. AMO IS AT NGCX. THE SITE.

CS COMPUTE LAT AND LONG Of GRID PTS
0O 100 In =IONA 9 00 604 tv - 6.MY'4

fiIIA. IT) a tax -NGCEI * GINCA &-.
Gil Ix.IT) a fl - NGCTI * GINCY
ALATIIMIV) W SLAT* TI.~/l.

ALNGIIX.IV) a SLNG # GX41tM.01141~.0 0 COSS) '..

IF fix *Ea. I .0a. IA .Ea. "go*

C PRINT 90I0.GXIIX.IT).ALNGIIX.IT).GT(IX.IT).ALATIIX.IT) N
800 CONTINUE

CALL MEMSETX40q0.GMT922*22b
RAD~ 9001o NFILES

PRINT 9006. NFILES
"COUNT a 0

140 CONTI1NUE
CO READ AREA LIMITS AND TIE 0.01 DEG IEI1GHlS

PRINT 3
00 160 IC - I.4

IS0 CONTINUE
READ 41) DATE.9OATE2 9COPME R.E.T.DLOM.DLAT.*LON o.LONM.LONS.LATD.

* LATM.LATS.LOM.LAT
IF IEOFII)b 150.155 ...-

ass CONTINUE
PRI NT A * CORNER .1.Y OLON.DLAT.LON4o.LOkM.LONS.LATO.LATM.*LATS.LON.
* LAI

IF 4 IC *GT . I I GO TO 160
%LNG= OLON
ASLAT a OLAT
ELNG = WLkG 0 1.0
ANLAT a A.SLAT 0 1.0

160 CONINIPUE
PRINT 9084. ANLAT.ASLAT.ELNG.WLNG
NCUUNT a "COU.NT # a

PFAC (1) ITKJ.2I 0)J1lI

CO HTt 1.1 b IS AT So CORNER. K INCREASES TO N4. J INCREASLS TO EAST.

ISS PRINT '012. t14T(K.J).KXI.Z01
CO SEARCH THE APFA TC SF1' IS A u0RI0 Pt IS Ee4CLU'.LIU If fir IS P14.
L T"I P*.IG.#T VALUE. 4.

D003~ I i =I OR S fr 200O t a I.NV
Ie I ALA T IIA. IVI OU.T AhL AT UPJ. AL A 4IA. IVI ot . A ,LAT 1 (.41 TU

.49

.4.

.% %.4



Go IDI I CDC copo 1N vj.a-J~pbF uWfal v-#IdJdb. 83.51.51. 4
I F 4ALNG(IXOSTI *GT. ELNG .OR. AL"4iNl~lVb *LT. VlN.I GO FU

*200 P
AX a 4ALNG(I.IVI -OLNGS 41 .00b
Lx a 100 e An
AV a (ALAT(II)T - ASLATO # .805%
LYS 100 0 AV

CO LXA £1. LV ARE IINCICES TO PICK OUT HT4IS VALUES
Ce COMPUTk SMOOTHING INTERVAL

IS aGIMCVZ(2.S 0 1.211
LVN SLV * IS

If 4LVN .GT. 1011 LYN IS 101
LVS a LY - IS
IF ILVS *LT. I) LVS SA

LXE A LX # IS
IF 4LXE .61. 1018 LXE - to
LXV a LX - IS
IF CLXW .LT. 11 LXW So a
GHT(IX*IYI -0.2 * 1HT4LV.LAS N TdLTN.LXI C HT4LVS.LXO 4

+ HT4LVoLAE) # HTILVeLANIO
IF fix E4.1 GOa. IX *Ea. MXI

*PRINT 9021. AX.LX.AT.L-V.GH4T(IE.IVSS.IX.IT

200 CONTINUE
PRINT 901s

00 220 LV. JoNV

220 PAINT 9012. lG14TfIXoIPl.IXaI.MX)
IF 4NCDUU4T *LT. %FILES$ GO TO 140

CO INSERT HEIGHT AT SITE
GHT4NGCX.N.Vl - S04GT

CO PUNCH THE SOUTHERN NOW FIRST FOR USE STY TOPO

00 225 IV a IoMV

225 PUNCH 9016. (G"T(lA.IVbIIASIMX)
* FORMAT (IJAl Al C " E S 0 E 6 A E E SO?XOEG.MIN.SEC"

* .1 IAC-SECOOSW

*0 #ISEA Vm*XLO4 LATO6X"L 0 N4 L A TO.
* *AX"L 0 N L A TWO

* FOAMAT ( I XAAO2X2F0.293.E?.2.FO.2.3X. I4.IZ.'12
* *I.12'.

O
12o4XoZI?)

9001 FORMAT 4415.2F6.11S
9002 FORMAT (Z.O NO. PTS W-E a01I90 N-S actsJ.O SITE COL. =*3o* SITE

*RON asl~es GAIO INCREM4ENTS X M*FG.I.4 V =OF5.I8
9003 FORMAT 4 FI0.3)
9004 POPJ4AT (IZ SITE LAY .CFA.2*0 LONG a*OF4.2.0 HEIGHT IN FTa*F10.01
9000 FORMAT (/0 No. OF FILrs rap a "YT a OQA AReAS -eiss
9010 FORMAT (AOF1O.28

9012 F0OAWAT 420F601
'41 1-a FUAM4AT IZ20F6.II
9080 F OF-.AT 4/0 NOi.THL..N LAT aOFC(.I.* SOU~THLON LAT = F6.6.0 EASTEI4N

*LNG *V.. WESTERN LON'.u*6 .h
V01 VOS P0MATI lee 04. IHI VALULS AT GNID PCINTS'.'I

2086 PUNI4AT liF6.01

4021 FOP%4AT i4gJIIl083e
I UP
0NC

le 50
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PROGRAM GEOCAL (I NPUTJ OUTPUT, TAPE I *TAPEaD TAPES I NPUT, TAPES.
* *OUTPUT)

C THIS PROGRAM CREATES A DATA FILE OP WEATHER DATA FOR GROUPS 1C OP WEATHER STATIONS IN VARIOUS U.S. AREAS DURING 1977-1976. THEI.C GEOSTROPHIC WINDS AND STABILITY INDICES ARE ALSO COMPUTED.
C

06. COMMON /REC/ ID(SO),NF,NR,NP, LEN, ZEOP
* COMMON /CSTAB/5P160,CP160,DAY

COMMON /DAT/ SP(I0),ALAT(10),ALON(IO),IU,IU2,1U3,C1,C2,FC,
1AVLAT, AVLON, DENOM, STLT1 ,STLT2, STLT3, STLN1 *STLN2, STLN3, COSLAT
DIMENSION 1STA(10),STAN(10), IGMT(10),SI (10),WDCIO),WS(10),OC(10),
13PSC1O),WDS( 10),OCS( 10),WSS( 10),U( 10),V(10),P1805( 10),P1SOCC 10),
21FMT2(6),IFMT5(4),STANS(10),US(1O),VS(10),31S(10),MODAC 12)
DATA (MODA=31,2S,31,30,31,30,31,31,30.31,30,31)
DATA ACR /0.0174533/
DATA SP3,WDS,WSS,OCS/10*1013.0, 103270.0, 10*1.0, 10*5.0/
DATA US,VS,SIS,UGS,VGS /10*1.0,1001.0,1033.0,0.O,0.0/

1 PORMAT (1H110OX*CREATION OP A DATA PILE OP SURPACE METEOROLOGICALY
IDATA, GEOSTROPHIC WINDS AND STABILITY INDICES.*/)

3 FORMAT (1018)
4 FORMAT (1OFS.0)
6 FORMAT (A2,11,R7)
7 FORMAT (A9,11)
a FORMAT C/1H ,*END OF FILE, TAPE2 ... NO. OF RECORDS =315)
9 FORMAT (3X*SFC P:*5(F6.1,17X))
10 FORMAT (SAIO)
11 PORMAT (1H ,SAID)
12 PORMAT (A2) .j%

13 PORMAT (SX,A2)
14 FORMAT (1X,A4)
15 FORMAT (SX,A1)
16 FORMAT (14 ,*WS MISSING FOR SITEilS,* GN*17, 12)
17 FORMAT (11 ,'WD MISSING FOR SITEISIS,* ON*17,12)
16 FORMAT (IN 9*SP MISSING FOR SITE*16,* ON*I7,12)
10 FORMAT (IN ,OC MISSING FOR SITE*16.* ON*17, 12)

C
C INPUT ...
C
C IFMT2 x HEADER FORMAT FOR DATA PRINTOUT.
C IFMT5 x DATA FORMAT FOR PRINTOUT. ..

C NSTA a NO. OF STATIONS IN THE AREA.
C IUl, 1U2, IU3 a INDICIES OF STATIONS FOR GEO3 WIND COMPUTATIONS. LZ
C ISTA z STATION NUMBERS. k.V
C IGMT c GMIT TIME CORRECTION FOR EACH STATION.
C ALAT = LATITUDE FOR EACH STATION 'r
C ALON a LONGITUDE FOR EACH STATION.
C IDATES z STARTING DATE OF INTEREST
C IONS a STARTING GMIT HOUR.
C

READ (5,3) NSTA,1U1,1U2,1U3,IDATES,IGHS
WRITE (6,3) NSTA,IU1.IU2,1U3,IDATES,IGHS
READ (5,3) CISTA(L).ILm1.1NSTA) S READ (5.3) (IGMT(L),Lzi,NSTA)
WRITE(S.3) (ISTA(L),La1,NSTA) S WRITE(6,3) (IGMT(L),L.1,NSTA)
READ (5,4) (ALAT(L),La1,NSTA) S READ (5,4) CALON(L),La1,NSTA)
WRITE (6,4) (ALAT(L),Lvl,N3TA) 9 WRITE (6,4) (ALON(L),LzI,NSTA)
READ (5,10) IFMT2 S WRITE (6,11) IFMT2
READ (5,10) IFMT5 S WRITE (6,11) IFMT5
ENCODE (10,6,IFMT2(2))IFMT2(2),NSTA,IFMT2C2)
ENCODE (10,7,IFMT5(1)) IFMT5(1),NSTA
WRITE (6,1) 9 WRITE (6, IFMT2) S ISzNRWuO
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DO 50 Iw1t4STA
Pl80.ACR*ALAT(I)
P1805(I)XSINCPISO) S P18OC(I)vCOS(PlSO)
STANSC I)=ISTAC I)

50 CONTINUEm
C11l.0 S RHOzI.I S C2zlOO.0/(RHO*1.11) S JOK93H NO ~
STLT1=ALATCIU1) 9 STLNIzALON(1U1)
STLT2=ALATCIU2) S STLN2aALONCIU2)
STLT3=ALATCIU3) S STLN3uALONCIU3)
AVLAT x C 0.333 *(STLTI + STLT2 + STLT3))/57.2958
AVLON x ( 0.333 *(STLN1 + STLN2 + STLN3))/57.2958
FC a 14.584 * SINCAVLAT) S COSLATzCOSCAVLAT) /
DENOM a CSTLT2 -STLT1) * (STLN3 -STLN1) - STLT3 -STLTI)

+ CSTLN2 - STLNI)
* 100 CALL RECORD

IF CIEOF.E0.3HYES) GO TO 200
C

*C PROCESS ONE RECORD OF DATA.
C

DO 175 1=1.80,6
C

*C CHECK FOR STATION OF INTEREST.
* ~C ~

ISITEzINTXXCID(I ), 1,5)
DO 105 J=1,NSTA
IF (ISITE.NE.ISTA(J)) GO TO 105
JS=J S GO TO 110

105 CONTINUE
GO TO 175

C
C PROCESS DATA FOR ONE STATION.
C
110 IYRzINTXX(ID(I),6,2) S IMOnINTXX(ID(I),8,2)

IDA=INTXX(IDCI ),10,2) S IHCOU'=INTXX(IDCI+1),2.2)
DAY=3O.53( IMO-1)+JDA
IGtI=IHOUR+IGMT(JS)

C
C CHANGE THE DATES TO BE CONSISTENT WITH THE GMT TIMES.
C

IF (IGH.LE.24) GO TO 111
IGH:IGH-24 S IDA=IDA+1
IF (IDA.LE.MCDA(IMO)) GO TO III
IDA=1 $ IMOzIVIO+1
IF (IMO.LE.12) GO TO Ill
IMO=I S ZYR=IYR+1

11 IDATE:IYR*10000+t403100+IDA
C
C SKIP NON-3-HOURLY OBSERVATION.
C

IF (MOD(IGH,3).NE.0) GO TO 175
1515S+1
IF (IGH.NE.IGHS) GO TO 180

*112 STAN(JS)=ISITE S IOKc3H NO
IDATES=IDATE $ IGHSIGH
DECODE (2, 12, 10(1+4)) IWS
IF (IWS.EO.2H ) GO TO 115
WS( JS)=INTXX( ID( 1+4 ),1, 2)
GO TO 120

115 WS(JS)=WSSCJS) 8 WRITE (6,16) ISITEIDATE,IGH
*120 DECODE (10,13,10(1+3)) IWD

IF (IWD.EG.2H I GO TO 125
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-ILL

WD(JS)aINTXX(ID( I+3),9,2)*10.0
GO TO 130

125 WD(JS)aWDS(JS) S WRITE (6,17) ISITEIDATE, IGH
130 DECODE (5,14,10(1+3)) ISP

IF (ISP.EQ.4H ) 00 TO 135
SP(JS)uINTXX(I0(I+3).2.4)s0.l
IF (SPC.JS).LT.500.0) SP(JS)aSP(JS)+1000.0
GO TO 140

135 SP(JS)=SPS(JS) S WRITE (6,16) ISITEIDATE, IGH
140 DECODE (9,15,10(1+7)) IOC:

IF (IOC.EQ.IH ) GO TO 145
IF CIOC.EQ.1HX) GO TO 150
OC(JS)aINTXX(ID(I+7).,1)
GO TO 155

145 OC(JS)=OCS(JS) S WRITE (6,19) ISITE,IDATE, IGN
GO TO 155

150 OC(JS)alO.0 ..-

C S

C CHECK TO SEE IF ALL SITES ARE ACCOUNTED FOR.
C
155 IF (IS.NE.NSTA) 0O TO 175 .v

C
C CALCULATE THE STABILITY INDICES.
C

DO 160 Ja1,NSTA
SP1602P18OS(j) S CP1SOuP160C(J)
CALL STABLE (IHOUR,SAL,SI(J),WS(J),OC(J))

C
C CONVERT WIND SPEED UNITS FROM KTS TO M/S.
C

WS(J)=WS(J)z0. 5148
ANGLE=ACR*WO(J) S U(J)a-WS(J)*SIN(ANGLE) 8 V(J)a-WSCJ)*COS(ANGLE)

160 CONTINUE
C
C CALCULATE THE GEOSTROPHIC WINDS.
C

CALL GWINDS (UG,VG)
WRITE (2) IDATE,IGH ,NSTA,(STAN(L),SP(L),WD(L),WS(L),OC(L),U(L)i
1V(L),SI(L),Lzl,NSTA),UG,VG
NRWuNRW+1

C IF (IDA.NE.15) GO TO 165
IF (IDA.NE.15) GO TO 165
WRITECS, IFMT5) bDATE ION, (STAN(L),U(L),V(L),SI (L),L=1 ,NSTA),UG,VG
WRITE (6,9) (SP(L),L=l,NSTA)

C
C SAVE THE 3-HOURLY OBSERVATIONS.
C
165 DO 170 Ju1,NSTA

SPS(J)=SP(J) S WDS(J)xWD(J) S WSS(J)uWS(J) S OCS(J)xOC(J)
STANS(J)zSTAN(J) S US(J)sU(J) S VS(J)aV(J) S SIS(J)zSI(J)

170 CONTINUE
UGSzUG S VGSxVO
IS=O S IOKz3HYES

175 CONTINUE
GO TO 100

180 1SZ1
IF (IOK.EO.3HYES) GO TO 112
WRITE (2) IOATES,IGHS,NSTA,(STANS(L),P(L,WDS(L),W(L),OCS(L), L~ ~
1US(L),VS(L),SIS(L),Lm1 ,NSTA),UGS,VGS
NRW=NRW+1
IF (IDA.NE.15) GO TO 112
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WRITE(6,[FMTS) IDATESIeHSCSTANS(L),US(L),VS(L).SIS(L),L1,NSTA), -

1U0S,VGS
00 TO 112

200 WRITEC6,IFMT5)IDATE,IGH ,(STAN(L),U(L),V(L),SI(L),L=I,NSTA),UG,
1 VO
END FILE 2 S WRITE (6,S) NRW
3TOP200 -o

END '-

SUBROUTINE GWINDS (UGSVOS) *.~..'

COPMON /OAT/ PRS(I0),STLAT(I0),STLONCIO),IU1,1U2,1U3,C1,C2,FC,
14 AVLAT. AVLON, DENOM, STLT1 ,STLT2. STLT3, STLN , STLN2, STLN3. COSLAT

PRI a PRSCIUl)*Cl
PR2 a PRSCIU2)*C1
PR3 a PRS(IU3)*C1

C* CORIOLIS FORCE IN UNITS 10 -5 SEC -1
Cx DENSITY IN UNITS 10 -3 G/CM3, PRESSURE IN MB

DPDLT = ( TLN2 -STLNI) * CPR3 - PRI) -(STLN3 -STLN1)

+ (PR2 -PRI))/(-DENOM)

DPDLN z C STLT2 -STLT1) * (PR3 -PRI) - STLT3 -STLTI)*

+ (PR2 - PRI ) I/DENCM
UGS a -(C2/FC) * DPDLT
VGS a (C2/FC) * (DPDLN/COSLAT)

* C* SPEED UNITS ARE M PER SEC
RETURN
END
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SUBROUTINE STABLE (JSAL, ,WSP, OC) 4
C

C THIS SUBROUTINE DETERMINES A STABILITY INDEX THROUGH A SERIES
C OF CRITERIA CONCERNING CLOUD COVER, WIND SPEED, AND SOLAR ELEVATION
C (SIuIJuSTABILITY INDEX, IJzHOUR, SALwSIN OF SOLAR ELEVATION.
C WSPaWIND SPEED (KTS), OCxOPAGUE CLOUD COVER (TENTHS) )
C

DIMENSION IX(15),HCOS(24)

COMMN /CSTAB/SP160, CP! SODAY

DATA HC03 /-0.9695,-0.866,-0.7071,-0.5,-0.2588,0.0,0.258,O.5,
10.7071,0.866,0.9659,1.0;0.9659,0.66,0.7071,0.5,0.25S8,0.0,-0.2588
2, -0.5, -0.7071, -0.866, -0.9659, -1.0/
DATA IX /1,2*2,1,2,3,2,4*3,4,3,2*4/

CCUOC*O. 1
1JZ4

C
C CALCULATE THE SIN OF THE SUNS ELEVATION ANGLE (SAL)
CS. XT -. 4337B3C0S (O. 0172142*( 10. 0+DAY)

XS=XT/SQRT( 1. O+XTsXT)
XC:XS/XT
XSPzXS*SP160 S SCPXC*CP1SO

102 HC-HCOS(I)
SALmXSP+HC*XCP

C
C IS IT OVERCAST (CC.GE.0.9)I C

IF (CC.GE.o.9) GO TO 310
C
C IS IT NIGHT (SAL.LT.0)KCIF (SAL.LT.O.0) GO TO 305

C CALCULATE DAYTIME STABILITY
C
C IS THE SUN WITHIN 15 DEGREES OF HORIZON (SAL.LT.0.26)
C

IF (SAL.LT.O.26) GO TO 310
C-
C RADIATION AND CLOUD AMOUNT EFFECT (XSOLsINSOLATION)
C-

XSOL"(1 .0-0.5*CC)*SAL
IF (XSOL.GT.O.30) GO TO 120
I RAD=3
GO TO 200

120 IF (XSOL.GT.O.55) GO TO 130
I RAD=2
00 TO 200

130 IRAD=1
C
C WIND SPEED EFFECT
C
200 IF (WSP.GT.3.0) GO TO 210

IWS=I S GO TO 300
210 IF (WSP.GT.6.0) GO TO 220

IWSw25 GO TO 300
220 IF(WSP.GT.10.0) GO TO 230

IWS=3 8 GO TO 300
230 IF (WSP.GT.12.0) GO TO 240

IWS,4 s GO TO 300
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240 W=

IJRIXC IEX) p-

00 To 310

C
C CALCULATION Or NIGHTTIME STABILITY

305 IF (WSP.GT.6.0) 00 TO 310 60T30

J*5
310 SIRIJ

RETURN

END

SUBROUTINE RECORD
COMMON /REC/ ID(80),NF,NR,NP,LEN, KEOF
DATA JEOF /3H1 NO/

1 FORMAT (/111 *EOF NO. 2*13/)
2 FORMAT C114 mREC. NO. 8*15/)
3 FORMAT (114 *P.E. NO. E315/)

BUFFER IN (1,0) (IDAT(1).IDAT(S0))
IF (UNIT(l)) 120,100,110

100 NFmNF+1 8 PRINT 1,NF S IEOFu3HYES S RETURN
110 NPNP+I S PRINT 3,NP
120 NRxNR+1

LENzLENQTHC 1)
RETURN
END
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I DENT CHAR

CHARACTER STRING TRANSFER ROUTINE
a USE FROM FORTRAN (FTN COMPILER ONLY)K a CALL CHAR(SOURCE, 1, DESTIN, J, N)

TRANSFER A STRING OF -N- CHARACTERS, STARTING WITH THE I-TH CHARACTER

OF -SOURCE- TO CHARACTER POSITIONS JoJ+I,...,J+N-1 OF -DESTIN-.
a NOTE THAT THE ARRAYS -SOURCE- AND -DESTIN- MAY BE THOUGHT OF AS
a CHARACTER STRINGS OF ARBITRARY LENGTH, 6 BITS PER CHARACTER. 10
a CHARACTERS PER WORD. THUS THE 11-TH CHARACTER OF THE STRING IS
a ACTUALLY THE 1-ST CHARACTER OF WORD 2 OF THE ARRAY, ETC.

ENTRY CHAR
CHAR DATA 0

SA2 A1+4
SA2 X2
Sal X2
EQ B1,BO,CHAR
SA4 xiRA
SA5 •l.OE+IPO
NX3 BOXS
SA2 Al+gI
SA2 X2
IX2 X2-X4
PX2 80, X2
FXI X2/X3
UXI 87,X11
LXI B7,Xl
SB3 X1iP1(1 BO,1"'
DX1 Xl X5 ""
FX1 X2-Xl

SA4 U6.0PO
DX1 XI*X4

SA4 miRA
SA2 A1+3
SA2 X2

1(2 X2-X4
PX2 BO,1X2
F1(1 (2/1(3
UXi B7,X!
LX1 87,X1
SS5 Xl

PX1 BO,X1
DX1 Xl*X5
FXI X2-X1

SA4 z6.0PC
DX1 Xl1X4
SB6 X 1
SA2 Al
SA4 X2+B3
3A3 A1+2
SAl X3+B5
8X7 X1
LX4 54,X4
LX7 s6,X7
MX5 6
SB2 BO+60

TRAS BX6 X4*X5
BX7 -X5*X7
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BX7 X6-X7 ~
HE S1,SOSHIFT
886 112-Be
LX7 56, X7
SA7 X3+55
JP CHAR

SHIFT LX4 6
LX7 6
884 54+6
886 56+6
Ea B4552,IWD

OWO HE B6,B2,TRAS
SA7 X3+55
885 55+1
W~ X3+55
SX7 Xl a*,%

886 so
JP TRA3

IWo 883 113+1
SA4 X2+83
884 s0
JP OWO
END
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PROOPAM XFORM (!NPUT, OUTPUT, TAPE16, TAPE3, PUNCH)

C THIS PROGRAM CALLS OTHER ROUTINES FOR MAJOR OPERATIONS .

DIMZINSiON X(1000,20),XM(20),.NBR(6),TEMP(20).A(20)

C 1 ,D(2O),.Z(20,2O).,WK(2O)

C N\'AR NUMBER OF VARIABLES (TWICE THE NUMBER OF WINDS
C (INCLUDING GEOSTROPHIC))
C NREC =NUMBER OF RECORD"3 (HOURS OF DATA)
C NZ31TE =NUMBER OF SITES (NVAR/2)-1

RCAD 3INr:ECS

PRIN'T 32, NRECS
32 F0RflA71lX,8H NRECSm 14)

READ(IS) IDA-E,IHrjIlSITE
REV'!MO 16
N%.V!=-2(NS[TE+I)
PRINT 1601, NVAR,NSITE

1501 FOR-,'AT(1X,7H NVAR= ,16,811 NSITEm 1I6)

C SETTING- CONTROL PARAMETER FOR MATRIX OPERATING ROUTINES IN 51181
NE 7(1 1 =NVAR
NeR(2) :NRECS
NE. 0C) =732
NUA(4)'1
NER(5) :1

* NBR(6)=Q
[X=732

C
C SUB1 READS INP~UT DATA, CALCULATES EIGENVECTORS, INNER PRODUCTS, ETC.

CALL SU81(X,XM~,NBrN-VAR,NiSITE,NRECS,IX,A,D,2,WK,,TEMP)
STOF
END
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SUBROUTINE SLIB(X,XM,NRNVAR,NSITE,NRECS,IX,A,D,.WI(!rTEMP)

D 1MENS IC'% StL'! ),UV(1O), ISTAB( 101
C
C THIS SUB'~CUTIN'_ READS INPUT WIND AND STABILITY DATA, CALCULATES
C COJVAr.IAI -_ MAkTRIX, OBTAINS EIG2NVEt.TORS OF C0VAPIA~lCr AT2 AND
C CALLS A P.rN' TINE To VaTA IN TRAIISFORMED DATA.
C
C MATS'Y.V!%!O. OF SUE.M.,TRICES rEAD--GEFNERAl_ 4/YEAR

MATSUB=O
MVP4IlS!TE+1
MCAS75=O
IPRINT=0
DO 150 NN=1,MA'YSUB

C
C AT 8 ORS/DAY THITF APE ?9P'8 OPS/LFAc' YEAR. 926./dl=732

DO 100 L=1,7"2
READC10) IDt E, I FnN. E ~(1* -D.~.D".JN;

I SUE1L(J), SOMV(J), ISTAB (J), J-1, VS !I TE)~U, VG
IF(L.LE. 10)

1 UG, VG
1600 FORM6TC1IQ,16,12,13/(3F10.2))

C

C READ! tNG I PPUT DATA

C IHfl bi-ur DAY (LST)
C SU1U 5I I,'UV COIIPI.47r S r WIf~ (~ M/'15
C ISTA'? F~C~YG '~R .! '-.I TY
C UG,VC- c1'T--IZ It '~TS (M/S)

IF (EO7(!C).N!F.O)G07^: 93
IF(NCAE!: .C-T. NRESS)GOTO S9

SrLM.U(MVP') = LG

su.1 I(P VP) T VG
DO 10'0 1 m1 , IV!"

C
*C ENTE7'IIC VIN") DATA I N7?TS *N M.TR IX X

X(L,NPIP1I.SI.\( I)
C PRINT 20f'. L.JNPI P I~p~ P1 , X L, NPI X XL, I'l'IP I
C2'0? FOYTi1AT 'IX, rL=*, 1,4. r N 4FI - v 1, v NP I", P I I

C I 2 10. 2)
I PF., NT= I F'RIKIT+1

100 CON I NUE
99 CONTINUE

CAL-L BEC0'/?(X,IX,MBRTEM-
0 XM,VCV,IER)

C
C
C THE F13LLOW I NG DESCRI PTION OF SUBROLITI NE BEVC'WVM( , I Y, NS'>, TEM,', XM. VC
C V, I ER) IS FROM TkE IMSL MANVAL_.

* C
C CALC.AC 6TES MFf.N!S ANrD VRIAC OAIIAMEMATRI X

*C X --- ON IN!-UT X IS P N2,R(.3) BY NBR~i) SLBMATRIX, OF TY-7 PlTpRIX (CALL.
C XX) OF DATA FOR WHICH MEA~NS, VARIANCES At-n CCV,V1R.'7'1, OR CO%!:ZC
C TED SLUMS Or SQUARES AND CROSS-PRODUCTS ARE DESIRED. THlE LAST 7.'7:A7

*C IX IN XX MAY HAVE FEWERC THAN4 NDR(3) ROWS.
*C ON OUTPUT, THE ROWS OF K HAVE BEEN ADJUSTED BY THE TEMPORARY MEAVS,
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C IX --- ROW DIMENSION OF X EXACTLY AS DIMENSIONED IN THE CALLING PROGRAM.
C NBR --- INPUT VECTOR OF LENGTH 6. NBR(I) CONTAINS, WHEN
C 1EV. NUMBER OF VARIABLES
C 1=2, NUMBER OF OBSERVATIONS PER VARIABLE IN XX
c C 13, NUMBER OF OBSERVATIONS PER VARIABLE IN EACH SUBMATRIX X.
C NOT INCLUDING THE LAST SUBMATRIX WHERE THE NUMBER MAY BE
C LESS THAN OR EQUAL TO NBR(3). HOWEVER, NBR(3) SHOULD BE
C THE SAME FOR ALL CALLS.
C 1=4j THE NUMBER OF THE SUBMATRIX STORED IN X.

C I15, THE TEMPORARY MEAN INDICATOR. IF NBR(5)=0, THE USER SUPPL
C LIES TEMPORARY MEANS IN TEMP. OTHERWISE. THE 1ST ROW OF

C 1.6, THE VCV OPTION. IF NBR(6)uO, VCV CONTAINS THE VARIANCE-
C COVARIANCE MATRIX. OTHERWISE VCV CONTAINS THE CORRECTED .~

C SUMS OF SQUARES AND CROSS-PRODUCTS MATRIX.
C TEMP --- INPUT VECTOR OF LENGTH NBR(I). IF NBR(5)0O TEMP MUST CONTAIN
C THE TEMPORARY MEANS WHEN NBR(4)zl OTHERWISE TEMP IS WORK STOR
C AGE.
C XM --- OUTPUT VECTOR OF LENGTH NBR(1) CONTAINING THE VARIABLE MEANS.
C VCV --- OUTPUT NBRC1) BY NBR(l) MATRIX STORED IN SYMMETRIC STORAGE
C MODE REQUIRING CNBR(I)*NBR(1)+1))/2 STORAGE LOCATIONS. VCV CONT
C AINS THE VARIANCE/COVARIANCE MATRIX OR THE CORRECTED SUM OF SO-
C UARES AND CROSS PRODUCTS MATRIX, AS CONTROLLED BY VCV OPTION,
C NBR(6).
C IER---ERROR PARAMETER, TERMINAL ERROR :128+N. Nc1 INDICATES THAT
C NBR(4) IS LESS THAN I OR THAT NBR(3)*(NBR(4)-l) EXCEEDS NBR(2)
C N=2 INDICATES THAT NBR(I) IS LESS THAN 1 OR NBR(2) IS LESS THA
C N 2 OR THAT NBR(3) EXCEEDS NBR(2).

NBR(4) =NN+1
150 CONTINUE

C
C PRINTING MEANS AND NUMBER OF INPUT DATA SETS

PRINT 12,(XM(l),I=I,NVAR)
12 FORMAT(IHO,16HVECTOR OF MEANS ,6E12.5)

PRINT 88, NCASES
as FORMAT(1H0,16HNUMBER OF CASES 1I5)

C OBTAINING (FROM SYMMETRIC STORAGE) AND PRINTING THE VARIANCE/COVARIANCE

C MATRIX (VCV) AND THE ERROR PARAMETER
DO 10 I1l,NVAR
DO 1000 K:1,NVAR

1000 A(K)z0.
DO Ill Jm1,NVA.R
IF (J .GT.I)Kz(Jw(J-I)/2)+I
IF (J .LE.I)K=(I*(1-1)/2)+J

Ill A(J)zVCV(K)
10 PRINT 14,(A(K),KmI,NVAR)
14 FORMAT(1H0,18HCOVARIANCE MATRIX ,SE12.5)

PRINT 15,IER
15 FORMATC1HOj2lHERROR PARAMETER IS a ,15)

C COVARIANCE MATRIX HAS BEEN WRITTEN, NOW DO EIGENVECTORS
NzIZ=NVAR
IJOBz1

- ~. CALL EIGRS(VCV,N,IJOB,D,Z,IZ,WK,IER)
C
C
C THE FOLLOWING DESCRIPTION OF SUBROUTINE EIGRS(AN,IJOB,D,Z,IZ,WK,IE
C R) WAS EXTRACTED FROM THE IMSL MANUAL.
C
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C IT CALCULATES EIGENVALUES AND EIGENVECTORSpC OF A REAL SYMMETRIC MATRIX.
C VCV--- -THE INPUT SYMMETRIC MATRIX OF ORDER N, STOREO IN SYMMETRIC STOR

C AGE MODE (OBTAINED FROM BEVCOVM).
C N--- -ORDER OF INPUT MATRIX VCV.
C IJOB--- INPUT OFTION' PARAM'ETER, WHEN
C IJCIB=O, COMIPUTE EIGEIJVALUES ONLY. IJOB=1--EIGEN~'AUUS AND EIGEN V

C ECTORS. IJOB=2--E-VAI-UES,E-VECTS A40O PERFOFMANCE IVDtEX. IJOB=3--IC PERFU M I NVFX OIWLY. FPERFf,2M I WOY RE rUPN"FD IN WK 1) -- LT I = WELL., I
C TO 100 =SAli?.-ACT., GT 100 = POTLY.

1%C D --- N-DIMF-'DS %L VVCTOR OF E-VALUES.
C Z --- N BY N MA-R;X OF E-VECTORS OF VCV. E-VZCTOR I1N COL'IMN J CORRESPO
C NOS TO E-VALUE J. D(J).
C IZ --- RO' DIMEN. OF Z IN CALLIN0 PROGRAM. IZ MUST BE GE 0.
C WK --- VORK ARFA LENGTH I.)EPrNflS ON IJOB. lJOS81 OR 2, LENIT GE N.
C IJO8r2, LENGTH G4E N(N+!)!/2+N
C IER --- EPRDR PAA',T TER~MINAL ERROR IERzl28+J, IVDI ATES FAILLJ &
C RE TO CONVTRGE 6ft' EIGENV;.'LUF J. E-VAL'JES A~4! E-VEC70rS TO- J-1 ARE C IC O2FZT, eu1 E-V'EAP NFE:E.

C

C PRIMTINC AND PN\CII EICTNV.ECTORS
DO 16 11I,N

16 PRINT 32,(ZCI,J),J=1,N)
32 FO.JiA71IH 23'-I:ATRIX OF EIGEJlVECTORS ,8Ei12.5/20-'j,8E12.5)

DO 310 I--1,N
PVP'CH 3001, 1
PRIN 3001, I

C
C P7NIr"TIrI A '7 P'JNCHI?~3 EIG!7'.CTO"' (XI00 TO Cm!1V--T TO CM"/SEC) *

3001 FOP7YAT (6.X,12)
DO 310 J=2, N, 2
JMONZ = J-1
UCMPS =100. t~ Z(JMON':, I)
vcr-FS =100. * Z(J,l)
PLN'H 30O'P, UC!r:s, VCr7S
PR I NT 30c, U, 71'3, VCMF'S

3002 FO='IAT (2r10.2) *

310 CONT INUE
I = N+I
POVSHd 3001, I
Pr. I 1T 3001, I
DO 320 J=2,N,2

C PrII:TING '.,*-9 PUr'CHIN3 MEAN VECT0'S 0:100 TO C0NV*Z7T TO Ctu/ST!C)
JMCONE -1I
UCMEAN 100. .'XM( JMONE)
VOMEAN =100.rcX.X?1( J
PUMCt~H .1002, 1IJOMEAN', VCMEAN

320 C: i!T! NUE
C
C PRINI EIGENV~AL..ES

PRINT 112,(D(KJ,K~1,N'VAR)
112 Fr)F'1AT ( 1 1 _1 ;I'.JF - AREJSl25

C EIGEM'VECTCV7 M!.TfRIX PA~S BTEN WRITTEN, Now DO iNE Plo'"CTS
REWIND 16

C
C SUB2 CALCULATES INVER PRODUCTS OF INPUT DATA SETS WITH ElfGEMVECTOR63.

CALL. SUB?(7,NVAR,NSITE,XM,N.ECS)

RETURN
END
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SURUIE ftZNVRNIEMNES

ftf

C SUBRO=UINER OFS(Z VSITEXMEDS

C NVAR UM = OELED T IINUDAAST(WIND COMPONENTS)

DIMENSION ISTAB( 10).Z(NVAR,NVAR)aXM(NVAR),
1C(20),SUMU( 10),SUMV( 10),XD(20)

* DATA C/20*(-999.)/
NCASES=O
DO 150 L=1.NRECS

C
C READIIVG INPUT DATA--DATE, HOUR (LOCAL TIME) AND NSITE GROUPS
C OF THREF (U,VSTABIL.ITY CLASS), FINAL PAIR OF DATA ARE GEOSTROPHIC -

C U AND V.
READ(16) IDATE,IHR,NSITE,(D'M1,01JM2,0UM3,DUM4,DUM5, * * tf
1SLJMUI(J),SUM'V(J), ISTAB(J),J21 ,NSITE),113,VG
IF (EOF(lG).NE.0)GOTO 99
NSIP1 = NSIrE+1
SUMU(N$P1 )=UG
SuffVC .qP 1 ) =VG
NCASFS=2NCASES+ 1
DO 100 1=1,NSPI
J=2* (1 -1) +1

C GETTING f)EVIATION FROM MEAN FOR EACH INPUT WIND DATUM
XD(J)::SUMJ( I )-XM(J)
XD(JIP1 )SIMV( I)-XM(JPl)

I :O CONT IN1UE
c COMFVUTE INNER PRODUCTS. C(K) a INN4ER PRODUCT OF INPUT WIND DATA
C (DEVIATIONS FFOM MEAN' SET WITH KTH EIGENVECTOR

DO 120 K=1,NVAR
TERM0O.
DO 130 J=21NVAR
TERM1=TERM4-XDCJ)*Z(J,K)

130 CON'T II UE
C(K)=TERM

120 CONTINUE
CONTINHUE

C WRITE DATE,HOUR, INNER PROD1JCTS AND STABILITIES
WRITE(3) IDATE,IHPNVAR,NSITE,(C(J),J1,NVAR),
1 CISTAB(J) ,J=1 ,KSITE)
IF(L.LT. %O) PRINT 75,(C(LF),LF=1,NVAR)

756 FOP1AT(1X,10F1O.2)
150 CONT.NUE

PRINT 18,NCASES
1s FMRt1.AT(H,22HNUJMBER OF DAYS READ 1 ,5)

E'9 END FiLE 3
REYIND 3
RErURN
END

/EUR
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PROGRAM CMPLX3
C

C**THIS FORM OF PROGRAM COMPLEX COMPUTES TOPOGRAPHICALLY INDUCED
C* WINDS BY MAKING THE ORIGINALLY ANALYZED WINDS NONDIVERGENT.

C* ----- FEB '85
C THIS FORM REPLACES INWND WITH WXANAL WHICH READS IN WIND

C SOUNDINGS AND NWS DATA AND MAKES THE INITIAL WIND ANALYSIS.
C* THIS FORM USES DIRECT VECTOR ALTERATIONS IN SUBROUTINE BALS.
C NEW FEATURES INTRODUCED IN '84 - "85 ARE:
C FOR HIGH TERRAIN SOME SIGMA SURFACES INTERSECT THE GROUND,
C THIS IS CONTROLLED BY TERLIM IN SUBR TOPO. ALSO,
C WIND COMPONENTS AT SPECIFIED POINTS CAN BE MELD CONSTANT IN BAL5.
C BY R. ENDLICH, F. LUDWIG, K. NITZ, C. MAXWELL, SRI INTERNAT.

C 333 RAVENSWOOD AVE MENLO PARK CALIF 94025 PHONE 415-859-3395
C

DIMENSION B(50o,26)pLPRNT(lO),IBCSO,26)
COMMONIRARS/RHS(50,26o6)
COMMONICSFC/SFCHT(5O,26),SIGMA(6)
COMMON/UARS/U(50,26o6)oUA(50,26,6) V(5O,26,6),VA(5O,26,6)

COMMONIWARS/W(5Oo26,6)oWA(50,20.6)
COMMON/PARMSIZTOP*DSDSIGMANLVLM1,XHTIXHT2XiY1,. -

1 X2,V2,UGVGPRATIOTOSI
COMMON /CVOS/ RCMRMFIVDSCRSIXCRSJYCRSPIXMEDJYMED,

+ IXFINJYFIN
COMMON/CTOPj MCRSNCRSMMEDNMEDMFINNFINNGRID

COMMONILIMITS/NCOLNROWNLVLNCOLM1,NROWN1
COMMON /BLHT/ BLT(50,26)oHSITE, AVTHK, SLFACPSTMKBLGRXPBLGRY
COMMON /SITEI IXSo JYSo THSITE, IGRID
COMMON /ANCHOR/ SLAT, SLNG
COMMON /GROUND/ TERLIM
COMMON /PRLIM/ Il, 12
INTEGER ONI

C SET LIMIT ON NO. OF ITERATIONS IN SUBR. BAL
DATA NrTI15/

C SET NUMBER OF VERTICAL LEVELS
DATA NLVL/6/

C. SET SIGMA LEVELS (VERTICAL COORDINATES)
DATA SIGMA/.DO, .10, .25, .45, .70p 1.001

C SET NO. OF GRIDS TO BE USED (I FOR SANTA BARBARA)
DATA NGRIDIl/

C SET NO. COLSPROWS FOR COARSEMEDFINE GRIDS
DATA MCRSI5OINCRS/261,MMEDI24/,NMEDI23I
DATA MFIN/2I4/,NFIN/24/

C!SET GRID INTERVALS IN KM
DATA DSCRS/4.O/p OSMED/2.O/, DSFINII.0/

C SET RATIOS OF GRID INTERVALS,.COARSE TO NED. o MED. TO FINE
DATA RCM/2.01o, RMFI2.0/

C SET HEIGHT (METERS) OF ANCHOR POINT (REFERENCE POINT)
DATA HSITE/ 0.0/

C SET LATITUDE, LONGITUDE OF ANCHOR POINT
DATA SLAT/33.91/, SLNG/-120.63/

C SET ANCHOR POINT LOCATION (IXPJY) IN EACH GRID
DATA IXCRS/ 1/lJYCRS/ lI/IXMEO/IO/JYMED 7'
DATA IXFIN/12/,JYFIN/11/

C SET LIMITS FOR PRINTING COLUMNS
DATA 11/91, 12/41/

C* IN ALL ARRAYS POINT (1,1) IS AT SW CORNER. X INCREASES TO EAST, V

C TO N. INDICES ARE IPJPK -(COLoROW.LYR) WITH LIMITS NCOLNROWNLVL
C UNITS USED IN COMPUTATIONS ARE M, Go SECONDS

1 FORMATC415FIO.2)

2 FORMAT (W FINAL RESULTS AT ANCHOR PT'/2X,'K UA VA
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REL. 9iTS.'/)
3 FORMAT(lXI2,2X,2FI0.2oF11.3,F13.l)

4 FORMATC1OXPTOTAL TIME ='fE12.3) '
5 FORMAT C2XfI1O,2Xp3F10.2pF11.3pF1O.l)
7 FORMAT(2Xp5E1Z.3)
8 FORHATC8I5,2F1O.2)

FORMAT (215o2F1O. 2pI5pF1O.OoF5.1 .FS.O)
10 FORMAT 0X12.-Z2Xo2FlO.2jFlO.l) N*~

PRINT 9013p NCRSPNCRSoMMEDoN4ED
PRINT 9014p DSCRSo OSMED, OSFIN

C READ BOUNDARY LAVER VARIABLES (USED IN SETILT)
READ(2e9022) AVTHK* SLFACP STMKP ONI. SLGRXo BLGRY
PRINT 9025. AVTHK, SLFACP STHKp ON!. BLGRXP BIGRY

C UNITS ARE METERS
C READ TERRAIN INTERSECTION (USED IN TOPO), DATE# HOUR

READ (2P9023) TERLIMP IDATE, IMOUR
PRINT 9026o TERLIM
PRINT 9027p IOATEP IhOUR

C* READ PRINT INDICATORS. TO PRINT LEVEL K USE LPRNT(K) a1,

REAO(2i9030) (LPRNT(K),KXIPNLVL) Y
PRINT 9035
PRINT 9030o CLPRNTCK)PKC1,NLVL)

C LOOP THRU NGRID SYSTEMS9'
DO 104.0 IGRID =1,NGRID :
IF (IGRIO .EQ* 2) PRINT 9005
IF (IGRID .EQ. 3) PRINT 9006

-C SET CONTROLS FOR PROPER GRID
IF CIGRID, .NE. 1) GO TO 11
IXS= IXCRS-
JYSft JYCAS
NCOL= MCRS
NROWc NCRS
DS= DSCRS

11 CONTINUE
IF CIGRID MNE. 2) GO TO 14
IXS5 IXHED
JYS= JYMED
NCOLC NNED
NROW= NNED .
OS= OSMED

14 CONTINUE
IF (IGRID .NE. 3) GO TO 15
1XS5 IXFIN
JYS= JYFIN .

NCOL= MFIN
NROWS NFIN
OSzt OSFIN

15 CONTINUE
C READ TERRAIN HEIGHTS FOR ALL GRIDS USING TOPO

IF CIGRID .Ego 1) CALL TOPO(NUMI)
DS=DS*1 .0E3
MCOLMIsNCDLrl
MROWM12NROW-l
NLVLM1 NVLVI1
TOSI = I./(2.0*DS)

C SET 81. TOP AND SIGMA SURFACES
CALL TOPO(IGRID)

C PRINT + PLOT SURFACE HEIGHT
PRINT 171

171 FORMAT CIH1,' TERRAIN MEIGHT. METERS, NORTH ROW FIRST'/
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00 53 JP zloNROW
00 53 IP =lpNCOL

BCIPpi) =SFCHT(IPj.JP)
IB(IPPJP)z JtWINTCB(IPPJP))

*53 CONTINUE
DO 54 JP zl*NROW

JR a NROW+ 1 -JP
54 P RINT 9105o IBCIPoJR)pIPmI1,12
55 CONTINUE

C ****PLOT GEOMETRIC HEIGHTS OF SELECTED SIGMA SURFACES
00 511 K s1,NLVL
IF (LPRNTCK) .NE, 1) GO TO 511
DO 62? JP = 1,NROW
DO 627 IP = 1,NCOL

BCIPpi) =RHSCIPPJPPK)
IBCIPPJP)= JNXNT(CIPfJP))

627 CONTINUE
PRINT 57loK

571 FORMAT C1h1,' HEIGHT ABOVE TERRAINP No LVL='I3/)
DO 628 JP1,oNROW
JR a NROW4 1 -JP

628 PRINT 9105p (IB(IPPJR)*IP=IloIZ
511 CONTINUE .-

C* READ AND ANALYZE WINO DATA USING WXANAL
C* MAKE INITIAL WINO ANALYSIS ON MESH

CALL WXANAL(IGRID)
C **** * *PLOT OBSERVED VELOCITY COMPONENTS AT SELECTED LEVELS *

00 211 K s1,NLVL
IF (LPRtiTCK) .NE. 1) GO TO 211
D0 46 J 1,oNROW
D0 46 I 1,oNCOL

IBCIJ) a JNINTC UCZJPK)*1O.)
46 CONTINUE -

PRINT 27loK
271 FORMATC1H1,' U COMPONENT DECIMETERSISECP LVL ='141)

DO 56 JP z1,NROW
JR aNROW+ 1--JP

56 PRINT 9105o IBCIoJR)plI;l1,I2
211 CONTINUE

DO 212 K 1,oNLVL -

IF CLPRNTCK) eNEe 1) GO TO 212
DO 48 J x1,NROW
DO048 I 1,oNCOL

IB(IpJ) x JNINT( V(IoJPK)*1O.)
*48 CONTINUE

PRINT 272PK
272 FORMAT(1H1,' V COMPONE-NT DECIMETERS/SEC* LVL a '14l)

00 56 JP 1,oNROW
JR a NROW+ I -JP

58 PRINT 9105r.C IB(I,JR)Plzl1,12)
212 CONTINUE

IF CIGRID .GTe 1) GO TO 226
*C COMPUTE VERTICAL MOTION W ALONG SIGMA SURFACES

00 220 K *2oNLVL
00 220 1 z2pNCOLMI
DO 220 J1 z2NROWMI
WCIPJPK) z 0.0

IF CRMS(IPJPK) .LE. 0.0) GO TO 220 !FOR TERRAIN L1IMIT
HSIGE=SFCHTCI+1oj) + RHSCI+1,JPK)
HSIGW=SFCHTCI'1.J) + RHSCI-1oJoK)
MSIGN*SFCMT(IPJ41) * RNSCIoJ*1Ak)
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MSIGS=SFCMT(IJ-1) + RMS(IJ-1,K)
DHDX=(HSIGE - HSIGW) * TOSI
D.DY.PCISIGN - HSIGS) * TDSI

2::(IoJ;K)=U(IJK) * OHOX + V(IPJK) DY
220 CONTINUE
226 CONTINUE

IF (IGRID ,EO. 1) PRINT 9050
IF (IGRID ,EQ. 2) PRINT 9055~~IF (IGRIO .EQ. 3) PRINT 9056 -..

v PRINT 9020

9320 FORMAT W1 ORIGINAL U, V. W. REL. HTS AT ANCHOR PT.*/)
PRINT 3,(K, U(IXSJYS,K), V(IXSJVSK), W(IXSJYSK),

2 RSS(IXSoJYSPK)oKulNLVL)
00 213 K =IoNLVL
IF (LPRNT(K) .NE. 1) GO TO 213
PRINT 273oK

273 FORMAT(1I1, °  We CM/SEC o LVL 2'I3/)
00 60 JP = IoNROW
DO 60 IP z 1,NCOL

I8(IP.JP) = JNINT((IPoJPfK)*100.)
60 CONTINUE

DO 65 JP = 1,NROW
JR a NRONW 1 -JP

65 PRINT 9105, ( I9(IPJR),IPuIlI2)
213 CONTINUE

C CALL SUBROUTINE TO MAKE WINOS NONDIVERGENT
CALL SAL5CNIT)
00 605 IzlNCOL
DO 605 JzlNROW
00 605 K=INLVL

UA(IoJoK)&U(IoJpK)
VA(IPJPK)=V(IpJK)
A(IJoK)'W(I,J,K)

605 CONTINUE
C * * a aPLOT AOJUSTEO VELOCITY COMPONENTS AT SELECTED LEVELS

00 611 K 1INLVL
IF (LPRNT(K) .NE. I) GO TO 611

DO 615 J a 1,NROW
DO 615 I a 1NCOL

IB(I*J) a JNINTCUA(IPJPK)*1O.)
615 CONTINUE

PRINT 671,K

'71 FORMAT (1H1,p ADJUSTED U COMPONENTo DECIMETERSISECP LVLc°I3/)
DO 622 JP=IPNROW
JR z NROW* I -JP

622 PRINT 9105, ( IB(IJR),I=III2 )
611 CONTINUE

00 612 K mIoNLVL
IF (LPRNT(K) .NE. 1) GO TO 612
O0 616 J a 1.NROW

o 616 1 2 lNCOL
16(liJ) = JNINTCVA(IoJPK)*10#)

616 CONTINUE
PRINT 672PK

672 FORMAT (INI," ADJUSTED V COMPONENT, DECIMETERSISECP LVL='I31)

00 624 JPaI#NROW
JR = NROW + 1 -JP

624 PRINT 9105, ( IB(IpJR)oIsIloI2 )

612 CONTINUE
IF (IGRID .EQ. 1) PRINT 9050
IF (IGRID .EQ. 2) PRINT 9055
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IF (IGRID oEQ. 3) PRINT 905o
PRINT 2
PRINT 10o(KoUA(IXSoJYSoK)oVA(IXSJYSoK),RMS(IXSPJYSoK),

+ K=KNLVL)
00 690 J = l, NROW

JR = NROW + 1 -J .0

690 WRITE (3,9065) (UA(IoJRK),I:,NCOL)
00 695 J = 1, NROW 4 r

JR a NROW + 1 -J
695 WRITE (3,9065) (VA(IoJRoK),I=lrNCOL)
730 CONTINUE
1040 CONTINUE
1350 CONTINUE
9305 FORMAT (1Hl, ° **BEGIN COMPUTATIONS FOR MEDIUM GRID***I)

9006 FORMAT (1H1," **BEGIN COMPUTATIONS FOR FINE GRID**'/)
9013 FORMAT (I COARSE GRID E-W'IS," S-N*I15o MEDIUM GRID E-W'I1, ° S-N.

+ '14/)
9314 FORMAT (I GRID INCREMENTS IN KM, COARSEm'F4.1.MEO.u*F4.1,r

+ FINE*F4.1/)
. 9322 FORMAT (F1.,FlO.2pFI0.1p5,2F7.1)

" 9323 FORMAT (F1O.1,218)
=*~i 9325 FORMAT (ii" AVER. BNOY. THICKNESS IN M x'F8.1p "

* SLOPE FACTOR FOR 8L TOPc'F4.1-**MIN. THICKNESSm*F7.1,.
+ /* DAYI-NITE2 INDICATORz'I3o* B LYR GRADIENT TO EAST, MI'F.1

* * TO NORTH z' F7.11)
* 9326 FORMAT (P TERRAIN INTERSECTION WILL OCCUR FOR HTS

+ ABOVE'F6.1, ° METERS'/)
9327 FORMAT Wi DATE *'I8,' HOUR 'I4/)
9330 FORMAT (1215)
9335 FORMAT (W INDICATORS, LPRNT(K),FOR PRINTING FIELDS'I)

9340 FORMAT (iH1,' BEGIN COMPUTATIONSFOR FINE GRID'/)
9345 FORMAT (1M1,' U CONP. AT LEVEL 3, CMI/SEC/l)
9046 FORMAT (IH1,' V COMP. AT LEVEL 3 '1)

. 9050: FORMAT C1H1,' COARSE GRID')
9355 FORMAT (1i1,' MEDIUM GRID')

* 9056 FORMAT (1t1,' FINE GRID')
- 9060 FORMAT (I5,EIO.1,15)

9365 FORMAT (10F8.1)

9100 FORMAT (/5X,22F5.O)
9105 FORMAT (/1XP3314)

STOP
END

SUBROUTINE WXANAL(NUM)
C THIS SUBROUTINE DOES THE FOLLOWING. WHEN NUM=IGRID1l IT

C READS IN DATA. FROM WIND PROFILES AND ASSIGNS WINDS TO
C SIGMA LEVELS; READS NWS STATIONS, COMPUTES THE GEOSTROPHIC
C WIND AND ASSIGNS WINDS TO SIGMA LEVELSo COMBINES SOUNDINGS AND

C HOURLY DATA, AND MAKES INITIAL OBJECTIVE WIND ANALYSIS USING

C A WT FACTOR INVERSELY PROPORTIONAL TO DISTANCE SQUARED.
C WHEN NUN .GT. I (IGRID1 OR 2) IT SELECTS INITIAL WINDS FROM
C THE NEXT COARSER GRID.
C BY RM ENDLICHSRI INTN'L, JAN 85
C . ----------------

COMMONILIMITSINCOLNROWNLVLNCOLMIPNROWM1
COMMON'ICVOS/ RCMRMFIVDSCRSIXCRSJYCRSIXMEDJYMED,

+ IXFINpJYFIN
4COMMONIRARSIRHS(50,26#6)

COMMON/UARS/U(SO,26,6),UA(5O,26,6),V(5O,26,6),VA(SO,266)
COMMON/WARS/W(5,O26*6),PWA(50,266)
COMMON/CSFCISFCHT(50,26) SIGMA(6)
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COMMON/PARMS/ZTOPDSDSIGMANLVLMIX#4T1,XMTZ,-X1,V1,

COMMONICTOPI MCRSNCRSoMMEDNMEDM4FINNFINNGRID
COMMON /SITE/ IXSo JYS,- THSITEP I'WRIO o0

COMMON IANCHOR/ SLAT* SLNG
COMMON iNUMOBS/ NUMOOPP NUMNWSP NUNTOT
COMM4ON /UPWIND/ UTOPo VTOP
COMMON /STALOCI XG(S0)PYGC SO)
COMMON /WINDS/ USIGC5Oo6)o VSIGC5Oo6)
DIMENSION UTEMPCSO,26)o VTEMP(5Ov26)

Z FORMAT(4XP13F4*O)
3 FORMATCI.X#-2P13f-5.O)
4 FORMAT( 10,2F10. I
5 FORMAT(3F10.2)
6 FORMAT(4Xo-2P14F6.2)
7 FORMAT(IH
8 FORMAT(4Xo-5P3F10.2)

PRINT 9001o NUN
9001 FORMAT W/ BEGIN SUBROUTINE WXANALP NUM='13/)

IF (NUN .GT. 1) GO TO 20OOP
C READ WIND SOUNDINGS AND ASSIGN TO SIGMA LEVELS

CALL DOPSIG
C. READ NWS REPORTS AND INTERPOLATE TO SIGMA SFCS

REAOC2,9014) NUMNWS
PRINT 9027f NUMNWS
IF CNUNNWS .GE. 1) CALL GEOSIG

C TOTAL NUMBER OF STATIONS (NUNTOT) s tUNOOP *NUMNWS
NUNTOT aNUMOOP + NUMNS

C MAKE GRID POINT ANALYSIS OF DATA
CALL GPAN

DO 50 .1 a lo NROW
DO 50 I = 1. NCOL
DO 40 LV = 2oNLVL

C TO USE RKS NEGATIVE (BELOW TERRAIN) MAKE WINDS 0.
IF (RHSCIPJPLV) .GEe 0.0) GO TO 43)

U(IoJeLV) a 0.0
V(IpJoLV) = 0.0

40 CONTINUE
50 CONTINUE

GO TO 300
2OO CONTINUE

C SELECT WINDS FOR SMALLER GRID FROM LARGER GRID -

C ASSIGN WINDS TO MED. GRID FROM COARSE GRID
IF (NUN .NE, 2) GO TO 216
DO 215 K a2oNLVL
D0 210 1 xl1,NCOL
DO 210 J 21PNROW
IC =IXCRS + JNINT(FLOAT(l-IxfMED)IRCM)
JC =JYCRS + JNINT(FLOAT(J-JYMEO)/RCN4)

C FILL IN NONZERO WINDS FROM NEAREST POINTS
IF (U(ICeJCU.) .EQ.-Oo AND. V(ICPJCPK) .EQ. 0.) ICzIC*1
IF (U(ICPJCPK) .EQ.-0. .AND. V(ICoJC,-K) .EQ. 0.) ICzIC-Z
IF CU(IC*JCPK) .EQ.:O. .AND. VCCJCoK) .EQ. 0.) JC=JC*1

IF CUCICPJCPK) .EQ. 0. .AND. V(ICtJCPK) EQ0. 0.) JCzJC-2
UTEMP(IoJ) zUCICPJCPK) p
VTEMPCI,-J) aV(ICoJCPK)

210 CONTINUE
DO 212 I 1.pNCOL
00D 212 J x1,NROW
U(IoJPK) a UTEMP(IJ) 7.:

V(IPJPK) aVTEMPCIPJ)
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IF (RHS(I,J,K) oLE. 0.0) U(I,JK) = 0.0 -;

IF (RHS(IoJ,K) .LE. 0.0) V(I,JK) W 0.0212 CONTINUE
215 CONTINUE

216 CONTINUE
C SELECT FINE GRID WINOS FROM MEDIUM GRID WINDS '

IF (NUM .NE. 3) GO TO 300
D0 230 K =2oNLVL
00 225 1 :INCOL
DO 225 J =INROW
IC :IXMED + JNINT(FLOAT(I-IXFIN)/RMF)
JC =JYMEO + JNINT(FLOAT(J-JYFIN)/RMF)

C FILL IN NONZERO WINOS FROM NEAREST POINTS
IF (U(ICJCPK) .EQ. 0. .AND. V(ICPJCK) .EQ. 0.) IC=ICl .r.
IF (U(ICJCK) .EQ. 0. .AND. V(ICJCK) .EQ. 0.) IC=IC-2
IF (U(ICJC*K) .EQ. 0. .ANO. V(ICJCK) .EQ. 0.) JC=JC+l
IF (U(ICPJCtK) .EQ. 0. .AND. V(ICJCK) .EQ. 0.) JCzJC-2

UTEMP(IoJ) =U(ICJCK)
VTEMP(IJ) =V(ICJCPK)

225 CONTINUE
DO 227 I =INCOL
00 227 J =IPNROW r
U(IJK) = UTEMP(IJ)
V(IJPK) = VTEMP(IoJ) . ."

IF (RHS(IpJoK) .LE. 0.0) U(IPJPK) = 0.0
IF (RHS(IPJK) .LE. 0.0) V(IpJoK) = 0.0

227 CONTINUE
230 CONTINUE
300 CONTINUE

PRINT 9002
9002 FORMAT W/ END OF SUBROUTINE WXANAL°/)
9307 FORMAT (//° THE ANCHOR PTM. IS AT LAT n*F9.3,' AND LONG='F9.3) - -

9014 FORMAT C3XI52F8.2)
9027 FORMAT (W NUMBER OF HOURLY SURFACE REPORTS =*13/)

RETURN
END

SUBROUTINE DOPSIG
C ASSIGN DOPPLER WIND PROFILES TO SIGMA SURFACES.
C MISSING WINOS ARE DENOTED BY -999.
C IF SOUNDING IS NOT COMPLETE THE LAST REPORTED WIND
C IS USED AT THE HIGHEST ALTITUDES.
C WIND DATA START AT 40 M AND CONTINUE AT 30-H INTERVALS
C TO 610 M. THERE ARE 20 POINTS IN A PROFILE.
C FILL IN MISSING DATA WITH NEAREST POINT UP OR DOWN.
C FOR PROGRAM DIABWNO JAN '85.
C BY R.M. ENDLICH, SRI INTN'L, MENLO PARK CA 94025.

DIMENSION OPHT(550)o OPUC(CS,0)p DPVC(5,50)
DIMENSION RMSI(5,6)p STLT(5)o STLN(5)
DIMENSION DPWO(5,50)ODPWS(5,SO)

COMMON /STALOC/ XG(50)o YG(50)
COMMON /WINDS/ USIG(50,6), VSIG(5D,6) - -

DIMENSION XS(), YS(5)
COMMON/LIMITS/NCOLNROWNLVLNCOLMINROWM1
COMMON/RARSIRHS(50o26p6)
COMMON/UARS/U(5O,26,6)oUA(5O,26,6),V(50,26,6),VA(50,26,6)
COMMON/PARMS/ZTOPDSOSIGMANLVLM1,XHTIXHT2,X1,Y1,
1 X2,Y2,UG,VGRATIOTDSI
COMMON /SITE/ IXSo JYS, THSITEP ISRID
COMMON /ANCHOR/ SLATt SLNG
COMMON /NUMOBS/ NUMOOPP NUMNWSo NUNTOT
COMMON /UPWINO/ UTOP, VTOP
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INTEGER STAIO(5)

C VARIABLES ARE:
C OPUC = U COMPONENT OF DOPPLER WINO IN MPS
C DPVC = V COMPONENT OF DOPPLER WIND IN MPS
C NHTS = NUMBER OF POINTS IN VERTICAL WIND PROFILE
C NLVL x NUMBER OF SIGMA LEVELS
C RHS = HT OF SIGMA SURFACES ABOVE TERRAIN (M)
C XGYG = STA. DIST IN XY IN GRID UNITS FROM SW CORNER

PRINT 9001
9001 FORMAT (1W BEGIN SUBROUTINE DOPSIG '1)

C FILL IN.HEIGHTS OF DOPPLER DATA POINTS
C---------------------------------
C PRINT LAToLONG OF ANCHOR POINT

PRINT 9007p SLAT* SLNG
C* READ LAT o LONG OF STATIONS (DEG) AND CONVERT TO XSPYS (KM)
C MEASURED FROM SW CORNER OF COARSE GRID

READC2.%9014) NUMOOP

PRINT 9027, NUMDOP
READ(2,9014) (STAIO(IT),STLT(IT), STLN(IT),ITzlNUMOOP)

PRINT 9004
PRINT 9014p (STAID(IT)oSTLT(IT)p STLN(IT)o1T1lNUMDOP)

00 15 IT:I*NUMDOP
XS(IT) = (STLN(IT) - SLNG)*(111.2 *COS(SLAT/57.Z95))
YS(IT) : (STLT(IT) - SLAT)*111.2
XS(CT) = XS(IT) * IxS * (OS * .001)
YS(IT) YS(IT) + JYS * (OS * .001)
XG(IT) = XS(IT)/(OS * .001)
YG(IT) : YS(IT)/COS * .001)

15 CONTINUE
PRINT 9008
PRINT 9011, (XS(IT)o YS(IT),XG(IT),YG(IT),IT=1,NUMOOP)

C ASSIGN HTS OF. SIGMA SFC FOR EACH SOUNDING
00 25 IT = IpNUMDOP
00 20 K = IoNLVL
IX JNINT(XG(IT))
JY JNINTCYGCIT))
IF (IX .LT. 1) IX 1
IF (IX .GT. NCOL) IX = NCOL

IF (JY .LT. 1) JY = 1
IF (JY..GT. NROW) JV = NROW
RHS1(ITK) : RHS(IX.JYoK)

20 CONTINUE
PRINT 9024
PRINT 9015, IT, (RHS1(IToK)oK=lNLVL)

25 CONTINUE
C READ DOPPLER SOUNDINGS FOR NUMOOP STATIONS

00 450 IT =lpNUMDOP
READ (2,9014) NHTS
PRINT 9003p ITo NNTS
READ (2,9009) C DPHT(ITLL),OPUD(ITLL)p OPWS(ITpLL)pLL1lNHTS)
PRINT 9009p (OPHT(ITpLL)OPWD(IT.LL), OPWS(ITLL),LL#l1,NHTS)

C CHANGE DIRECTION AND SPEED (MPS) TO U AND V

00 40 LL = 1.NHTS
IF (OPWD(ITPLL) .EQ. -999.0) THEN

OPUCCITPLL) = -999.0

DPVC(ITPLL) = -999.0
ELSE
DPUC(ITLL) = -OPWSIITLL) * SIN(DPWD(ITLL)/57.295)
DPVC(ITLL) = -DPWS(ITLL) * COS(DPWO(ITLL)/57.295)

END IF
40 CONTINUE
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PRINT 9010o (3PUC(ITPII)i OPVC(XTLL)oLL1,NTS)
C FILL IN MISSING DATA IF NEEDED
C START FROM BOTTOM AND GO UPWARD

LL =0U
60 LL x L +1

IF (LI .EQ. Nt4TS) GO TO 100
IF (DPUC(ITeLL) -EQ. -999.0) THEN

GO To 70
ELSE

GO TO 60
END IF

70 L11 LL
75 LLI z LIl + 1

IF (OPUC(ITLI) .EQ, -999.0 .AND. LIl .EQ. NHTS) -

+ GO TO 100
IF COPUC(ITAL1) .EQ. -999.0) THEN

GO To 75
ELSE
OPUC(ITLL) = OPUC(ITPLLI)
OPVCCITPLL) ZDPVC(ITPLLI)

PRINT 9015o LLo OPIJC(ITLL)o DPVCCIT*LL)
GO TO 60

END IF
100 CONTINUE

PRINT 9010, CDPUCCITPLL)o OPVC(IToLL)pLLz1,NNTS)
C START FROM TOP AND GO DOWN

LIL NHTS + 1
110 IL LLI -1

IF (LL .EQ. 1) GO TO 140
IF CDPUCCITPLL) .EQ. -999.0) THEN

GO TO 120
ELSE

GO TO 110
END If

120 LII c LL
125 111 z LII - 1

IF CDPUC(ITeLL1) .EQ. -999.0) THEN
GO 10 125

ELSE
OPUCCITII) =OPUC(ITLLI)
DPVCCITPLI) =DPVC(ITPLLI)

PRINT 9015p LL, DPUCCITPLL)o OPVCCIT*LL)
GO TO 110

END IF
140 CONTINUE

PRINT 9012
PRINT 9010o (DPUC(ITPIL)o DPVC(ITLL)pLLm1,NMTS)

C BEGIN INTERPOLATION SCHEME
DO 400 K z 2p NLVL !COUNTER FOR SIGMA LEVELS

200 LL 2 L+ I
IF (RMS1(IToK) .GT. 0.0) GO TO 365
USIG(ITK) a0.0
VSIG(ITPK) z0.0
coo To 400

365 IF (RHS1(ITK) .LE. DPHT(ITLL)) GO TO 320
IF (RHS1(ITPK) .GE. OPMT(IT.NHTS)) GO TO 380
IF (RHSIToK) .GE. DPMT(IT*LL) .AND. RHS1(IToK) .LE.

* PHT(ITPL141)) GO TO 360
GO TO 200

C FOR LEVELS BELOW 1ST MEASURED WINDS (ASSUME SPEED=O AT IN
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C AND AT GROUND WHERE RHS=O)
320 USIG(IT.K)=(DPUC(ITLL))*(ALOGO(RHSI(IT.K)))I

+ ALOGIO(OPHT(ITLL))
VSIG(ITK)=(DPVC(ITLL))*(ALOG12(RHS1(IT.K)))I

+ ALOG1O(DPHT(ITLL))

GO TO 400
%C FOR SIGMA LEVELS BETWEEN DOPPLER WIND POINTS

360 RATIO=(ALOGIO(RHSI(ITK))-ALOGIO(OPHT(IT,LL)))/ a
+ (ALOGIO(DPHT(1ITLL+1))- ALOG1O(DPMT(ITLL)))

SUSIG(ITK) = DPUC(ITLL) +(DPUC(ITLL+I)-DPUC(ITLL))
4 * RATIO

VSIG(ITK) = DPVC(ITLL) +(DPVC(IToLL+I)-DPVC(ITLL))
+ * RATIO

GO TO 400
C FOR SIGMA LEVELS ABOVE LAST DOPPLER POINT

380 USIG(ITK) = DPUC(IT*NHTS)
VSIG(IToK) z DPVC(IToNHTS)

400 CONTINUE -i
PRINT 9020o IT <...

PRINT 9010o (USIG(ITK), VSIG(ITK), K=INLVL)
450 CONTINUE

C GET AVER UPPER WIND FOR POSSIBLE USE IN GEOSIG IF GEOS WIND
C IS NOT AVAILABLE

UTOP = 0 i

VTOP z 0 UGCTNL
00 460 IT = 1 NUMDOP

UTOP = UTOP, USIG(IToNLVL)

VTOP : VTOP + VSIG(ITPNLVL)
460 CONTINUE

UTOP = UTOP/(FLOAT(NUMOOP))
VTOP a VTOP/(FLOAT(NUMDOP))

PRINT 9026o UTOPo VTOP
PRINT 9002

9002 FORMAT (W END OF SUBROUTINE DOPSIG '1)

9003 FORMAT (W STA. =*I3*, NO. OF POINTS IN PROFILEz'I3/)
9004 FORMAT (W1 LATITUDE AND LONGITUDE OF STATIONS*I)
9005 FORMAT (W WIND DIR WIND SPEED, STATION=141)
9306 FORMAT (W U COMPONENT V COMPONENT AT SIGMA LEVELS'/)
9007 FORMAT W' THE ANCHOR PT. IS AT LAT :'F9.3, ° AND LONGs'F9.3)
9008 FORMAT (/I* X AND Y OF STATIONS IN KM AND IN COLSPROWS FROM SW r.'.

+ CORNER OF COARSE GRID'/)
9009 FORMAT (X,3F.1) r
9310 FORMAT C3x.8F6.1) .

9011 FORMAT (/4X,2F11.O,8X,2F10.1)
9012 FORMAT (W SOUNDING WITH FILLED IN DATA 'I)
9314 FORMAT (3Xp15o2F8.2)
9315 FORMAT (3XI5,6F8.2).*'
9020 FORMAT (W STATION NUMBER =:16/)
9324 FORMAT (W HEIGHTS OF SIGMA SURFACES "1)
9326 FORMAT (W AVER. UPPER WIND, U a*F6.1, °  VF6.11)
9027 FORMAT (W NUMBER OF WIND SOUNDINGS :'I31)

RETURN
END
SUBROUTINE GEOSIG

C PREPARE NWS HOURLY REPORTS OF WIND DIRECTION, WIND SPEED
C (KNOTS), SEA LEVELPRESSURE (NB), AND TEMPERATURE (DEG F)

C FOR INPUT TO WIND ANALYSIS FOR DIABLO PGE SITE.
C COMPUTE GEOS WIND FROM PRESSURE AT THREE STATIONS AND
C CORRECT IT FOR THERMAL WIND COMPONENT (IF DESIRED).
C ASSUME THAT WIND COMPONENTS VARY WITH LOG(HEIGHT) BETWEEN
C ANEMOMETER HT AND GEOS WIND AT MT GEOSHT(ABOUT SOOM).
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C AT EACH NUS STATION INTERPOLATE WINDS TO SIGMA SURFACES.

CBY RM ENDLICHo SRI INTN'Lo MENLO PARK CA 04025 DEC '84.I

C NUMNWS =NUMBER OF NWS REPORTS
C NUSID = IDENTIFICATION ID OF NWS STATION
C WD =WIND DIRECTION
C, SP =WIND SPEED
C STIT = STATION LATITUDE IN DEGS AND HUNDREDTHS

C STLN = STATION LONGITUDEI

C TEP=SAINTM NDGPRESS = STATION SEA LEVEL PRESSURE IN INCHES HG

DIMENSION STLT(50)f STLN(5O)., PRESS(50)
DIMENSION TEMP(SO)
DIMENSION RMSIC5Oo6)o UNWS(50o6)o VNWS(50o6)
DIMENSION UCOMP(5O)o VCOMPC5O)o WD(50)o WS(5O)
DIMENSION XS(50)o YSCSO)
DIMENSION XGIC50)o YG1(50)o USIG1C5Oo6)o VSIG1C50o6)
COMMON/LI1MITS/NCOLNROWNLVLNCOLM1 oNROWM1
COMMON/RARS/RHSC50o26p6)
COMMONIUARS/U(5O,26,6),UA(5OZ6.6),VC50,26,6).VACSO.26,6)
COMMON/PARMS/ZTOPDSDSIGMANLVLM1 ,XHT1,XHTZX1,Y1,
1 X2,-Y2,UG.VGRATIOpTDSI
COMMON /SITE/ IXSo JYS. THSITEr IGRID
COMMON /STALOC/ XCGC5O)p YGC5O)
COMMON /WINDS/ USIG(50j'6)p vsrG(50o6)
COMMON /ANCHOR/ SLATo SLNG
COMMON ItNUMOBS/ NUMOOPP NUMNW.So NUMTOT
COMMON /UPWIND/ UTOPP VTOP'
INTEGER STAIO(50)

10 FORMAT (15p2F8.2f4F7.1)
Z0 FORMAT W1 NO.='I3f ST I=5e' LAT=*F7.2r LONG.

*='F7.2p' PRESS=*F7.2o, TEMP='F6.1/)
Z5 FORMAT C. WIND DIR='F6.1,' WIND SPEEO='F5.11)
30- FORMAT V GEOSTROPMIC, WIND COMPON4ENTS, 94PSP U =*F5.1,

+ *V =*FS.1I)
4.0 FORMAT (I' THERMAL WIND SHEAR COMPONENTSo MPSP U s'

+ F5.1.- V =*F5.1o' LAYER DEPTH ='F6.1o, Mol)
50 FORMAT (//1 GEOSTROPHIC WIND CORRECTED FOR THERMAL WIND')

PRINT 9001
9301 FORMAT Wl BEGIN SUBROUTINE GEOSIG 'I)
C READ INPUT OF HOURLY DATA: STATION IDo LATITUDE, LONGITUDEo
C, PRESSUREo TEMPERATURE, WIND DIRECTIONP WIND SPEED (MPS)

00 70 IT = loNUMNWS
READ (2v 10) STAID(IT)p STLTCIT). STLNCIT)o

+ PRESSCIT)p TEMP(IT)p WO(IT)o WS(IT)
PRINT 20o IT, STAID(IT)rSTLT(IT)oSTLN(IT)p

+ PRESSCIT)PTEMPCIT)
PRINT 25o WDCIT)p WSCIT)

70 CONTINUE
C CONVERT.LATPLONG TO XSPYS (KM) MEASURED FROM SW CORNER OF
C COARSE GRID

00 15 Js1.NUMNWS
XS(J) = (STLN(J) - SLNG)*C111.0 *COS(SLAT/57.295))
YSCJ) = (STLT(J) - SLAT)*111.0
XS(J) z XS(J) + IXS * (DS *.001)
YS(J) = YS(J) + JYS * (OS, * .001)
XG1CJ) = XS(J)ICDS * .001)
YGICJ) =YS(J)/CDS * .001)

15 CONTINUE
PRINT 900B
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PRINT 9011, (XS(J), YS(J),XG1(J),YG1(J),J=1,NUMNWS)
C CHANGE DIRECTION AND SPEED (MPS) TO U AND V

00 80 IT = lINUMNWS ".' '
UCOMP(IT) = -WS(IT) * SIN(WO(IT)/57.295)
VCOMP(IT) = -WS(IT) * COS(WO(IT)/57.295)" PRINT 9002

PRINT 9013, IT, UCOMP(IT), VCOMP(IT)
80 CONTINUE

C ASSIGN HEIGHTS TO SIGMA SURFACES
DO 125 J 1,NUMNWS
00 120 K = IPNLVL

IX = JNINT (XGI(J))
JY = JNINT (YGI(J))
IF (IX .LT. 1) IX = 1
IF (IX .GT. NCOL) IX NCOL
IF (JY .LT. 1) JY a 1
IF (J¥ .GT. NROW) JY NROW
RHSI(JoK) = RNS(IXPJYPK)

120 CONTINUE
PRINT 9024
PRINT 9015, Jo (RHSI(J*K),K=loNLVL)

12S CONTINUE
C FOR SANTA BARBARA NEGLECT GEOS WIND (NOT REPRESENTATIVE)

UGEOS = UTOP
VGEOS = VTOP
GO TO ZOO

C IF LESS THAN 3 NWS STATIONS CANT COMPUTE'GEOS WIND. INSTEAD
C USE UTOP, VTOP FROM DOPPLER.

IF (NUMNWS .LT..3) UGEOS = UTOP
IF (NUMNWS .LT. 3) VGEOS : VTOP,
IF (NUMNWS •LT. 3) GO TO 200 . -..

C**THIS SECTION COMPUTES GEOSTROPHIC WINDS AND IT ALSO CORRECTS

l C THEM FOR THERMAL WINDS IF NTHERM=I.
C SELECT- THREE STATIONS FOR GEOS WIND COMPUTATION
C HERE USE PT MUGU, PT SAN BUOY, PT CONCEPTION BUOY (END OF LIST)

ISI = NUMNWS - 2
IS2 = NUMNUS - 1
IS3 = NUMNWS

C SET NTHERMI NTMERM = 1
PRI = PRESS(IS1) * (1013.3/29.92)

PRZ = PRESS(IS2) * (1013.3129.92)
PR3 = PRESS(IS3) * (1013.3/29.92)
STLTI = STLTCIS1)
STLT2 = STLT(IS2)
STLT3 a STLT(IS3)
STLN1 * STLN(IS1)
STLN2 = STLN(IS2)
STLN3 = STLN(1S3)
TMP1 = TEMP(IS1)
TMP2 z TEMP(IS2)
TMP3 = TEMP(IS3)

C DEFINE CONSTANTS

AVLAT = .333* (STLT1 + STLT2 + STLT3)/57.295
AVLON .*333" (STLN1 + STLN2 + STLN3)/57.295
FC z 14.584 * SIN (AVLAT)

C CORIOLIS FORCE IN UNITS 10-5 SEC-1
COSLAT = COS (AVLAT)
DENOM (STLT2-STLTI) *(STLN3-STLN1) - (STLT3-STLTI) *

+ (STLN2-STLN1)
RmO = 1.1
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C DENSITY IN UNITS 10-3 GICM3
C2 =100.O/(RHO *1.112)

C COMPUTE GEOSTROPHIC WINDS
OPOLT = (STLN2 - STLNI) *(PR3-PR1) -(STLN3 -STLNI)

+ (PR2 - PRI))/-DENOM)
0POLN = ((STLT2 - STLTI) * (PR3 - PRI) -(STLT3 -STLTI) *

+ (PR2 - PRIMOENOM
UGEOS = (-C2/FC) * OPOLT
VGEOS =(C21FC) * (DPDLNI'COSLAT)

C SPEED UNITS ARE M SEC-i
PRINT 30o UGEOSo VGEOS

C THIS PART MAKES THERMAL WINO CORRECTION TO UGEOSo VGEOS
SC NTHERM IS INDICATOR FOR USE (WHEN1I)

IF (NTMERM .NE. 1) GO TO 200
FVNIN 5.019.0
TMPI (TMP1 - 32.0) * FVNIN
TMP2 (TMPZ - 32.0) * FVNIN
TMP3 ( TMP3 - 32.0) * FVNIN
AVTMP =273.0 + .333 *(TMPI + TMP2 + TMP3)

C, GRAVITY =9.8 N SEC-2o TEMP IN DEG K
C3 9.8/CFC * 1.112)
DTOLT CC(STLNZ -STLNI)* CTMP3-TMPI) -CSTLN3-STLN1)

+ *(Tt4P2-TMPI))/(-DENgOM)
OTOIN -((STLYZ-STLTI)* CTHP3-TMP1) -CSTL73-STLTI)

+ *(TMP2-TMPI))/DENON
UTHERM = -CC3/AVTM4P)*DToLT
VTHERM = CC3/AVTMP)*(DTDLN/COSLAT)

C ASSUME SHEAR ACTS OVER LAYER OF DEPTH DEPL (IN N)
OEPL = 200 !TIE THIS IN TO AVTHK FOR 6 LYA TOP

USHEAR = UTHERM *DEPL

*VSHEAR = VTHERM *DEPL
PRINT 40o USHEARP VSIIEARP DEPI
UGEOS = UGEOS + USHEAR
VGSOS z VGEOS + VSHEAR
PRINT 50
PRINT 30o UGEOSP VGEOS

230 CONTINUE
C**END OF GEOSTROPHIC WINO SECTION
C INTERPOLATE WINOS BETWEEN SFC.ANO GEOSMT

DO 450 IT = le NUMNWS
DO. 400 K = 2p NLVL ! COUNTER FOR SIGMA LEVELS

IF (RHSICITPK) .GTo 0.0) GO TO 370
UNWS(ITPK) z0.0

VNWS(ITPK) =0.0

GO TO 400
370 IF (RHS1CIT*ftLVL) .GE. 800.) GEOSHT = 800.

IF (R.451(ITPNLVL) .LT, 800.) GEOSHT = RMS1(IT,.N.VL)
IF CRNS1(IT.K) .GT. GEOSHT) GO TO 380

*C FOR SIGMA LEVELS BETWEEN SURFACE 085 AND GEOSHT
RATIOUCALOG1OCRHS1 (ITK) )-1 .0) /(ALOG1O(GEOSNT) -1.0)
UNWS(ITK) a UCOMPCIT) *(UGEOS-UCOMPCIT)) * RATIO
VNWS(ITfK) a VCOMPCIT) +(VGEOS-VCOMPCIT)) * RATIO
GO TO 400

C FOR SIGMA LEVELS ABOVE GEOSHT
380 UNWS(ITPX) a UGEOS

VNWS(ITPK) a VGEOS
400 CONTINUE

PRINT 9020p IT
PRINT 9010p (UNWS(ITPK)o VNWS(ITPK)p Kz1,NLVL)

450 CONTINUE
C INCLUDE NWS DATA WITH DOPPLER DATA IN ARRAYS NEEDED
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C FOR OBJECTIVE ANALYSIS.
00 460 N = 1, NUMNWS

M = N + NUMDOP .°-
XG(M) = XG1 (N)
YG(M) = YGI(N)

DO 460 K = 1, NLVL
USIG(MpK) : UNWS(NK)
VSIGCMK) = VNWS(NP.K)

460 CONTINUE

NUMTOT a NUMOOP + NUMNWS
DO 480 M a 1, NUNTOT
PRINT 9020,M
PRINT 9010o (USIG(MoK), VSIG(MK), KINLVL)

480 CONTINUE X-k

PRINT 9003
9302 FORMAT (// STA. NO. U COMP V COMP "1)
9003 FORMAT (W END OF SUBROUTINE GEOSIG /)
9304 FORMAT C/1 LATITUDE AND LONGITUDE OF STATIONS '1)
9005 FORMAT (W WIND DIR WIND SPEED*, NWS DATA/)
9306 FORMAT WP U COMPONENT V COMPONENT AT SIGMA LEVELS'/)
9307 FORMAT (/W THE ANCHOR PT. IS AT LAT "'F9.3,, AND LONG=*F9.3)
9008 FORMAT (/W X AND Y OF STATIONS IN KM AND IN COLSROWS

+ FROM SW CORNER OF COARSE GRID*/)
9010 FORMAT (3XPF6.1)
9011 FORMAT (/4XoZFI1. OSX,FIO.1)
9313 FORMAT (W STA. ='15. UCOMP-'F8.1., VCOMP=°F8.1/)
9314 FORMAT 3X,15,2F8.1)
9315 FORMAT (3XI5,8F8.1)
9020 FORMAT (W' STATION NUMBER ='I6/)
9324 FORMAT (P HEIGHTS OF SIGMA SURFACES *I)

RETURN
END

SUBROUTINE GPAN
C. THIS ROUTINE MAKES A GRID PT ANALYSIS FROM AVAILABLE
C WIND OBSERVATIONS. THE OBSERVATIONS HAVE BEEN INTERPO-
C LATED TO SIGMA SURFACES. THE WEIGHTING GIVEN TO EACH
C STATION IS INVERSELY PROPORTIONAL TO ITS DISTANCE FROM
C THE GRID POINT.
C FOR SUBROUTINE DIABWND,- JAN '85.
C BY R.M. ENOLICH, SRI INTN'L, MENLO PARK CA 94025.

DIMENSION WT(50)
COMMON /WINOS/ USIG(SO,6), VSIG(50,6)
COMMON /STALOC/ XG(50), YG(50)
INTEGER STAID(6)
REAL MINDIST

COMMON/LIMITS/NCOLPNROWoNLVLNCOLMI#NROWN1
COMMON/UARS/U(5O,26,6), UA(5026,6),V(5O,26,6),VA(SO,26,6)
COMMON/PARMS/ZTOPDSOSIGMANLVLM1,XHT1,XHTZI, Yl,

1 X2pY2pUGVGoRATIO*TOSI
COMMON /SITE/ IXS, JYS, TMSITE, ZGRID
COMMON /ANCHOR/ SLATP SLNG
COMMON /NUMOBS/ NUMDOP, NUMNWS, NUMTOT
COMMON /PRLIM/ I, 12

C VARIABLES ARE:
C USIG = U COMP OF WIND ON A SIGMA SFC
C VSIG = V COMP OF WIND ON A SIGMA SFC
C WT = WEIGHT ASSIGNED TO A GIVEN STATION
", U(I.JK) AND V(IJK) ARE FINAL WIND COMPONENTS
C NLVL = NUMBER OF SIGMA LEVELS
C XG,YG ARE DISTANCES OF STATIONS FROM SW CORNER OF COARSE
C GRID AND ARE MEASURED IN GRID UNITS (OSCRS) >;r
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C IN ARRAYS (ITK) IT DENOTES STATIONS, K DENOTES LEVELS

C IN 3-0 ARRAYS IoJK DENOTE COLSo ROWS. LEVELS FROM SW CORNER

C
PRINT 9001

9001 FORMAT (I ' BEGIN SUBROUTINE GPAN 1)

C SET MINIMUM DISTANCE (GRID UNITS) TO AVOID INFINITE WTS
MINDIST = 0.15

00 400 I = 1f NCOL
00 400 J = 1, NROW

SUMWT = 0.0
DO 100 IT = 1. NUNTOT
DIST = (FLOAT(I) -XG(IT))**2 + (FLOAT(J)-YG(IT))**2
DIST = SQRT(DIST)
IF (DIST .LE. MINDIST) DIST = MINOIST
wT(IT) : 1.0/(DIST*DIST)

SUMWT = SUMWT + WT(IT)
100 CONTINUE

C NORMALIZE WEIGHTS
DO 120 IT I 1f NUMTOT

WT (IT) WT(IT)/SUMWT
120 CONTINUE

IF 0J NE. 31) GO TO 125
PRINT 9030, If J

9030 FORMAT (W WTS FOR STATIONS FOR GRID POINT XPY='213)
PRINT 9010o (WT(IT).ITZloNUMTOT) ,* '"

125 CONTINUE
C MAKE GRID POINT ANALYSIS USING WTS AND STA DATA

00 350 K = IA NLVL
U(IJK) = 0*0
V(IPJPK) = 0.0

00 300 IT = 1, NUMTOT'
U(IJ,K) = U(IPJPK) * WT(IT) * USIG(ITK)
V(IJPK) * V(IPJK) + WT(IT) * VSIG(ITPK)

330 CONTINUE
350 CONTINUE
400 CONTINUE

00 330 K = 2p NLVL
PRINT 9035p K

9335 FORMAT (W U COMPONENT AT LEVEL =:13/)
O0 320 JR = 1, NROW
JP = NROW + 1 - JR

320 PRINT 9031. U(P,JPpK)oIP=II12)
PRINT 9038p K

9338 FORMAT ( V COMPONENT AT LEVEL =*13/)
00 325 JR z 1, NROW

JP = NROW + I - JR
325 PRINT 9031p (V(IPJPPK),IP=III2)

330 CONTINUE
PRINT 9002

9302 FORMAT (/P END OF SUBROUTINE GPAN °)
9304 FORMAT (C/ LATITUDE AND LONGITUDE OF STATIONS'/)
9)06 FORMAT (W U COMPONENT V COMPONENT AT SIGMA LEVELS'/)
9007 FORMAT (// °  THE ANCHOR PT. IS AT LAT =°F9.3, ° AND LONG=°F9.3)
9310 FORMAT (3Xo8F6.1)
9031 FORMAT (lX,33F4.0)

RETURN
END

SUBROUTINE TOPO(NUM)
C
C READ AND COMPUTE TOPOGRAPHY AT GRID POINTS
C LAST REVISION OCTOBER *84.
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C IF NUM=O READS TERRAIN HEIGHTS FOR ALL GRIDS.
C IF NUM .GT. 0 PICKS TERRAIN HTS , CALLS SETBLT TO ESTABLISH

C SNOY LYR TOPo AND COMPUTES RELATIVE 'TS (RHS) FOR PROPER GRID.

C
COMMON/LIMITS/NCOLNROWNLVLNCOLMI, NROWMI
COMMON/CTOP/ N4CRSNCR5,M4MED,'NMED..N4FIN.,NFIN,-NGRID
COMMONIRARS/RHS(5026.6)
COMMON/CSFC/SFCHT(50,26),SIGMA(6)
COMMON /BLHT/ BLT(50,26)HMSITEp AVTHK, SLFACSTHKPBLGRXoBLGRY

COMMON /GROUND/ TERLIM
COMMON /PRLIMI Ilp 12
DIMENSION HTCRS(50,26)o HTMED(50o26)p HTFIN(5026)

C TO ACCOUNT FOR STABLE FLOWSo THE LOWEST SIGMA SFCS SHOULD
C INTERSECT HIGH TERRAIN. THE LIMIT FOR THIS INTERSECTION IS
C TERLIM (IN M).

2 FORMATC8F1O.2)
3 FORMAT(4Xp-2P14F5.O)
4 FORMAT(/,5X,21F5.0)
6 FORMAT(4X,-2P19F5.O)

PRINT 9001,NUM

9001 FORMAT W/ BEGIN SUBROUTINE TOPO, NUM°I3)
IF (NUM.GT.O) GO TO 10

C READ TERRAIN HEIGHT VALUES AT GRID POINTS IN METERS# ALL GRIDS
PRINT 9006
PRINT 9003

C IN HEIGHT DATA FILE NORTHERN ROW IS FIRST, So INVERT ORDER.
C READ AND PRINT HEIGHTS AT COARSE GRID POINTS

DO 8 J=l1NCRS
JR = NCRS * 1 -J

READ(I,2) (HTCRS(IJR), IzIMCRS)
8 CONTINUE

DO 118 J = 1,NCRS
JR = NCRSel-J

C PRINT 4e (NTCRS(IJR),I =IeMCRS)
PRINT 4p (HTCRS(IPJR)PI mIl1I2)

118 CONTINUE
C READ AND PRINT MEDIUM GRID HEIGHTS

IF (NGRIO .LT. 2) GO TO 120
PRINT 9004

00 9 J=IPNMED
JR = NMED + 1 -J

READ(l,2) (HTMED(IJR)o1=1,MMEO)
9 CONTINUE

DO 119 J = 1,NMED
JR = NMED+I-J
PRINT 4p (MTMED(I,JR),I =IPMMED)

119 CONTINUE

120 CONTINUE
C READ AND PRINT FINE GRID HEIGHTS

IF CNGRID *NE. 3) GO TO 214
00 210 J=I,NFIN
JR = NFIN +1 -J

READ(I,2) (HTFIN(IJR),gII,MFIN)
210 CONTINUE

PRINT 9005

DO 212 J=INFIN
JR = NFIN+I-J 4..'

PRINT 4, (HTFIN(IJR),I1,MFIN)
212 CONTINUE
214 CONTINUE .. ,',

GO TO 150 "
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10 CONTINUE
DO 15 J=1,NROW

* 00 15 I=1.NCOL
IF (NUM *NE. 1) GO TO 11
SFCHT(IoJ):HTCRS(I#J)

11 CONTINUE
IF (NUM .NE. 2) GO TO 12
SFCHT(I.J)=HTMED(IoJ)

12 CONTINUE-
IF (NUM .NE.3) GO TO 13

SFCHT(IoJ) =HTFIN(IrJ)
13 CONTINUE
15 CONTINUE

C** SET BNOY LAYER TOP (ARRAY BLT).
CALL SETBLT

C DENOTE GEOMETRIC HEIGHT ABOVE TERRAIN BY RHS
DO 67 J=INROW
00 67 I:INCOL

IF (SFCHT(IPJ) .LE. TERLIM) THEN
ZVAR = BLT(I#J) - SFCHT(IPJ)
O0 KzlNLVL
RHS(IJK) =SIGMA(K) * ZVAR
EN DO

ELSE
ZVAR z BLT(IPJ) - TERLIM
00 K1IoNLVL
RHS(IpJpK) =SIGMA(K) * ZVAR

* C NEGATIVE VALUES OF RHS INDICATE SIGMA SFC INTERSECTS TERRAIN

IF ((RHS(IoJK) TERLIM) .LT. SFCHT(IoJ)) RHS(IoJPK)
+ :-1.0

END DO
END IF

67 CONTINUE
150 PRINT 9002

9002 FORMAT W/ ENO OF SUBROUTINE TOPO*/)

9003 FORMAT (1H1. ° TERRAIN HTSo COARSE GRID* METERS*I)
9304 FORMAT C1H1, ° TERRAIN HTS, MEDIUM GRID, METERS'I)
9005 FORMAT (IHi,' TERRAIN NTS, FINE GRID. METERS')

9006 FORMAT (W' PRINTOUT IS REVERSE OF INPUT - HAS NORTH ROW 1ST*I)
RETURN
END
SUBROUTINE SETBLT

C** THIS SUBROUTINE SETS THE HEIGHT OF THE BNOT LAYER TOP. AVTHK IS

C AVER. OL THICKNESS OVER AREA. SLFAC CONTROLS THE SLOPE* IF 0 THE

C TOP IS FLAT. IF I THE BL TOP FOLLOWS THE TERRAIN. HSITE IS HT OF

C THE ANCHOR POINT (SITE). STHK IS THE SMALLEST IL THICK ALLOWED.

C BLGRX IS B LYR HT GRADIENT TO E.

C BY R. M. ENDLICH SRI INTNL
C LAST REVISION JUNE 84

DIMENSION B(50p26),I6(5Oo26)
COMMONILIMITS/NCOLeNROWNLVL.NCOLNIoNROWMI
COMMON/CVOS/ RCM.RMF.IV.OSCRS*IXCRS.JVCRSIXMED.JYMED

'- COMMON ISITE/ IXSP JYS. THSITEo IGRIO
COMMON /BLHT/ BLT(50,26),HSITE, AVTHKp SLFACeSTHKPBLGRXoBLGRY

* COMMON/CSFC/ SFCHT(SO.26)f SIGMA(6)
COMMON /PRLIM/ Ilp 12 -. -'

PRINT 9001 -. -

THK z AVTHK
IF (IGRIO ,GT. 1) THK s THSITE *--

IF (IGRIO NE.1) GO TO 5
BLX :BLGRX
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SLY =BLGRV
Ix =IXCRS
jr a JTCRS

5 CONTINUE
IF (IGRIO .NE. 2) GO TO 6
BLX= BLGRX/(RCM)
SLY= SLGRY/(RCM)
IX = IXMED
jy = JYMED

6 CONTINUE
IF CIGRID oNE.3) GO TO 7
81Xz BLGRXi(RCN*RM4F)
SLY2 SLGRY/CRCM*RMF)
Ix c IXFIhI
JY z JYFIN

7 CONTINUE
ITER =0

10 ITER =ITER 1
SUMi = 000
QI c 0.,0

DO 50 I 1,oNCOL
DO 50 1 z 1.NROW

SLT(IPJ) c THY. + (SLFAC *SFCHT(eiJ)) 0 (.0 -SLFAC) *HSITE
C ADD EASTWARD GRADIeNT TO BLT FROM COL. OF ANCHOR POINT

BLT(IJ)s BLT(IoJ)+ (I-IX)*(BLXIFLOATJCNCOL))
C 4D0 NORTHWARD GRADIENT FROM ROW OF ANCHOR POINT

BLT(IJ)z BLT(1,J) + (J-JY)*CBLY t FLOATJCNROW))
IF CSFCHT(IJ) .GT. (BLT(IPJ)- STHK ))BLTClIJ) =SFCHTCIpJ)

+ + STH.
SUNI z SUMI + (OLT(IPJ) -SFChT(IJ))

al z=01 +1.0
50 CONTINUE

IFCIGRIDoGTo1) GO TO 51
ATM = SUN1'Ql
THY. c THY. + (AVTHK - ATM)
THSITE = BLTCIXSPJYS) - SFCHTCIXSoJYS)
PRINT 9010.- £YTHKPATHo THSITE
01FF aASSAVTH. - ATM)
IF (ITER .GT, 9) GO TO 52
IF (IGRID *EQ. 1 .AND. 01FF .GT. 1.0) GO TO 10

51 CONTINUE
IFCIGRID.Ego.) GO TO 52

C MAKE SL THICKNESS AT ANCHOR POINT (THSITE) THE SAME FOR
C MED AND FINE GRIDS AS IT WAS FOR COARSE GRID

ATH=SUM1IQI
THSITE2=SLT(IxSoJYS) - SFCHT(IXSoJYS)
TtIKrTHY + CTHSITE -THSITE2)

DXFFZ=ABS(THSITE -THSITE2)

PRINT 9010.- AVTHKoATHPIHSITE2
IF(ITER.GT.9) GO TO 52
IFCOIFF2*GT.1.O) 6O TO 10

52 CONTINUE
DO 55 JP z 1,NROW
00 55 IP z 1,NCOL
B(IPfJP) u LTCIPJP)
IB(IPJP)= JNINTCB(IPoJP))

55 CONTINUE a

PRINT 9115olGRID
DO 60 JP z ,NROW
JR a NROW+ -JP V

60 PRINT 9105o IBCIPpJR)pIP2I1,IZ)
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00 65 JP= lpNROW
DO 65 1P= 1.NCOL
B(lPoJP)= (SLTCIPJP) -SFCHTCIPoJP))
ZB(IPoJP)m JNINT(8(IPPJP))

65 CONTINUE
PRINT 9020

00 70 JP= 1.NROW ~ *

JR= NROW +1*-JP
70 PRINT 9105p (IB(IPoJR)oIP:I1,12)

PRINT 9002
9001 FORMAT (1Hl,* BEGIN SUBROUTINE SETBLT*/)
9002 FORMAT (//1 END OF SUBROUTINE SETBLTIf)
9310 FORMAT V INITIAL AV. THICKNESSo M='F1O. .

*-ACTUAL AV* THICKNESS ='FlO.1t
**SITE THICKNESS ='F1O.I/)

9320 FORMATC1H1,*BNDY LAVER THICKNESS IN M*I)
9100 FORMAT (JSXo22F5.O)
9105 FORMAT C/1Xo33I4)
9115 FORMAT (1H1.* HEIGHT OF BNDY LATER TOPP No GRID ='I3)

RETURN
END

SUBROUTINE BALS(NITER)
C*****THIS IS VERSION 11, OCTOBER '84.
C THIS ROUTINE BALANCES DIVERGENCE TO VALUES IN ARRAY DO (OR
C TO ODIJO0) AND VORTICITY TO ARRAY VT(IPJ).
C FOR WIND SPEED IN MPS. DIV AND VORT ARE SCALED TO UNITS
C 10 -6 SEC-i. THE METHOD USES DIRECT VECTOR ALTERATIONS.
C THIS FORM FOR RECTANG GRID OMITS TRIG FUNCTIONS.
C THE FLUX FORMULATION IS USED FOR FINITE DIFFERENCES. FOR SIGMA LAYERS
C COMPUTE NON-DIV WINDS FOR WINDS WEIGHTED BY THICKNESS OF LAVER.

*C ASSUME SIGMADOT =0. INDICES IN ARRAYS CIoJrK) ARE ISCOLUMN,
C J=RON, KwLEVEL; PT (1.1,1) IS AT SW CORNER AT GROUND.
C FOR COMPUTATION BOXES.o INDICES REFER TO. SW CORNER OF BOX.
C IVORT CONTROLS USE OF VORTICITY. IF=2 VORT IS NOT HELD

*C CONSTANT .
*C BY R.M. ENDLICH, SRI INTN'Lp 1ST VERSION FOR LAYERS JUNE '82.

DIMENSION VTC5O,26),DI(50,26),VO(50,Z6),U1 CSO.26),VI(50.26)
DIMENSION UN(50,26)oVN(50,26)oTMfK(50,26)
DIMENSION IFXPT(50,-26)
COMMON /CSFC/ SFCMT(50p26)osrGMA(6)
COMMON /UARS/UC5O.26o6)oUA(50.-26o6)PVC5Oo26o6)oVA(5Op26#6)
COMMON/PARMS/ZTOPDSPDSIGMANLVLM1 ,XHTlsxHT2,xlv1,

+ XZY2fUGoVGoRATIOPTDSI
COMMON /CVOS/ RCMPRMFIVDSCRSIXCRSJYCRSIXMED,

+ JYMEDISFIXJYFIN
COMMON /CTOPI MCRS. NCRSP MMEDo NMED,- MFIM,- NFINo NGRID
COMMON /LINITS/NCOLNROWNLVL..NCOLMINROWM1
COMMON /SITE/ IXSo JYSo THSITEP IGRID
COMMON /RARS/RHSCSO,26..6)
COMMON /PRLIM/ II, 12
IVORT z 2 !IGNOR~E VORTICITY

PRINT 9002
GS = DS * I.OE-05

C USE GRID SPACING IN 100'S OF KM. DS IS IN H.
GSI m 10.O/GS IFOR PROPER SCALING

C FOR RECTANGULAR GRID OMIT TRIG FUNCTIONS USED PREVIOUSLY
*C ASSIGN PTS WHERE INITIAL WIND ANALYSIS IS HELD FIXED p

IF (IGRID .NE, 1) GO TO 10 1FOR COARSE GRID
CALL SETOBLARRYCOo IFXPTo NCOLP NROW)

*C IFXPT(11,5) al
10 CONTINUE
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IF (IGRID NME. 2) GO TO 15 FOR MEDIUM GPkIO
CALL SETOBLARRYCO, IFXPTP NCOLP NROW)

* C IFXPT( ) 1
15 CONTINUE

C PRINT POINTS WITH FIXED WINOS
J 00 25 1J 1PNROW

00 25 1 = lNCOL
IF (IFXPT(IoJ) .EQ. 1) PRINT 9582o IPJ ~

25 CONTINUE
C ARRAYS UoVoRHS ARE WRITTEN (COLSoROWSPLEVELS)
C TRANSFER WINDS TO 20 ARRAYS

DO 800 L=2.NLVL
DO 35 J=1sNROW
DO 35 11,oNCOL

VN(IJ)c YCIoJ,L)
35 CONTINUE

CALL SETDBLARRY(O.OoDI ,NCOLPNRDW)
CALL SET0BLARRY(O.OoVT ,NCOLoNROW)
CALL SETDBLARRY(0.OpYO ,NCOLPMROW)

C.COMPUTE LAYER THICKNESS AND MULTIPLY WIND COM4PONENTS
DO 4.0 J clolfROW
0O 40 I zl,NCOL

LA =L +1
IF (LA .GT. NLYL) LA NLVL
HTA RHS(Io,LA)
LB =L -1
IF (LB .LT. 1) LB =1
"TS = RHSCI*J,LB)
THK(IJ) c0.5 *(HTA HMTB) * 0.01

IF (THK(1PJ) .LE* 0.) THKCIoJ) :1.0 1FOR NEG. RHS
C JNITS OF THICKNESS ARE HUNDREDS OF M FOR CONVENIENCE
C SET INITIAL WINOS BEFORE ALTERATIONS

UlCIoj) =UNCIvJ)
Vl(I,J) V N(IPJ)

C WEIGHT WINDS WITH THICKNESS OF LAYER
UN(IoJ) = UI.J) * THK(IoJ)
VNClIJ) a V1IoJ) * THK(I,J)

43 CONTINUE
C PRINT 9520
C 00 45 J 1,oNROW

JP,. NROW+1-J
C 45 PRINT 9102o CTHK(IPJP).-I =I1,12)
C COMPUTE ORIGINAL DIVERGENCE AND VORTICITY

DO 170 J 1,pNROWMI
DO 170 I x1,NCOLN1
UE a 0.5 * (UNCI+I,J) + UNCI*1,J+1))
UW z 0.5 * (UNCIoJ) + UNI,J+1))
VSO =0.5 *(VN(I11J) + VN(IPJ))
VNO= 0.5 *(VNCI,J+1) + VN(I+l,J+1))
DUE = GSI W CE - UW)
DYN xGSI ( VNO - VSO)
DI(I,J) = DUE + DVN !DIV, UNITS ARE 10-6 SEC-i
IF (IVORT .EQ* 2) GO TO 170
YE =0.5 * (YNCI+1,J) + VN(I+1,J+1))
vW =0.5 * (vNCIJ) + VN(Ioj*1))
USO =0.5 * CUN(I+1,J) + UNCI.J))
UNO =0.5 * (UN(Ipj*1) + UN(I+1,J*1))
DVE G SI * (YE - VW)
DUN =GSI * (UNO - USO)
VT(Ioj) = DYE -DUN !VORTICITY
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917C CONTINUE
CPRINT 9570 :f-

C DO 173 1 1,pNROW
=p NROW+1-j

C 173 PRINT 9100f (VT(I#JP)PI =11,12)
c PRINT 9571
C D0 172 1 *1.NROWof

JP = NROW41-J
C 1 V2 PRINT 9100f (0ICI*JP)oI =l1o12) k
C FOR NONDIVERGENCE SET 001.1 20.0

DOW1 0.0
LG =0

RA = 0.4 !RELAXATION FACTOR
210 LG z LG41

00 500 .1 =1,NROWMl
00 500 1 1,oNCOLM1

UE a 0.5 * CUN(141,j) + UNCI41,J4 1))
=w 0.5 * CUNCIPJ) + UN(I,-J4 1))

VSO c 0.5 *(YNCI*1,J) * NCIJ))
VNO= 0.5 * (Yt4(IPJ+1) + Yt4(I*1pJ+1))
DUE z GSI *(liE - UW)
OVN zGSI *(VNO - YSO)
DICIoJ) = DUE 4 DYN
CUI~J = .05 * GS *CDDIJ -OI(xJ)) *RA
CYIj * .05 *GS * (001.1 DI(IoJ)) *RA

IF CCUIJ-*LTo -1.0) CUrJ = -1.0 LIM4IT CHANGES
IF CCUIJ .GT. 1.0) CUlI = 1.0
IF (CYIJ eLTe -1.0) CVIJ a -1.0
IF CCYIJ eGT* 1.0) CVIJ c 1.0
UNCI1li.J) = UNtI*1,J) + CUIJ
UN(I+IoJ~l) aUN(I41,J+1) *CUIJ
UN(IfJ) 2UNCIJ) -CUIJ
U14(IPJ+1) *UNCIi'J41) -CUIJ
YNCI*1,J) = N(I41,,J) - CYIJ
VNCI,-J) =VNCIPJ) - CYIJ *

VN(IPJ41) VN(IPJ*1) + CYIJ
VNCI41,J+1) a VN(I+1,J*1) + CVIJ 5.-

IF (IVORT .EQe 2) GO TO 490
yE a 0.5 * CYN(I41,J) + VN(X*1,J+1)
VW a 0.5 * (VN(loJ) + YN(IoJ,1))

=S 0.5 * (UN(I+1,j) + UN(I,.J))
UNOz 0.5 ( UN(I*J41) + UN(I41,J*1))
DYE a GSI *(YE - VW)
DUN = GSI * UNO - USO)
VO(IpJ) = DYE - DUN
CYIJ = .05 * GS *(YT(IJ) -Y0(IPJ)) *RA
CUIJ = .05 *G'S *CYTCIPJ) - VO(IoJ)) *RA
IF CCuIj .LT. -1.0) CUIJ =-1.3 LIMIT CHANGES
IF CCUIJ .GT. 1.0) CUIJ 1.0
IF (CYIJ .LT* -1.0) CYIJ =-1.0
IF (CVIJ .GT. 1.0) CVIJ x2 .

UN(IPJ) = UN(IPJ) + CUIJ
UN(I+1,J) a UN(I41,J) + CUIJ
UN(loJ41) z UNCIPJ*1) - CUIJ
UNCI41,J*1) a UNCI41,J4I) - CUIJlo
VN(I41,J) a VN(I+1,J) + CYIJ
YN(I*1,j41) x VN(I+1,J41) *CVIJ
VN(IPJ) =VN(IoJ) - CYIJ
VN(IPJ41) =VNCIoJ41) - CVIJ

4 Or CONTINUE
C TO KEEP WINDS 0.0 WHERE RMS IS NEGTIVE
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IF (RmS(I,JL) .L.-. 0.0) THEN
UNtl,) = 0.0
VN(IJ) = 0.0
END IF

C HOLD ANALYZED WIND COMPONENTS FIXED AT PTS WHERE IFXPT =1
IF (IFXPT(IJ) ,NE. 1) GO TO 500

UN(IPJ) 2 U1(IrJ) * TMK(I,J)
VN(IPJ) = V1(IPJ) * THK(I#J)

530 CONTINUE
IF CLG .GT. NITER) GO TO 540 - A

DO 530 J=2,NROWM1
DO 530 I =2,NCOLMI

IF (ABS(ODIJ -DI(IJ)) .GT. 50.0) GO TO 210

C IF (ABS(VT(IJ) -VO(IJ)) .GT. 50.0) GO TO 210
530 CONTINUE
540 CONTINUE

C PRINT 9570
C PRINT 9580
C DO 510 J1I.NROW

JP = NROW+I-J
C 510 PRINT 9100, (VO(IJP),I =11,12)
C PRINT 9200, LG
C PRINT 9571
c PRINT 9580 -
C DO 520 J=INROW

JP = NROW+I-J
C 520 PRINT 9100, (DI(IPJP),I =I1,I2)

SUM 1=0.0
SUM2=O.0
01=0.0

DO 1040 J =lNROW
00 1040 I =INCOL
IF (RHS(IJL) .LE. 0.0) GO TO 1040 ! OMIT THESE PTS

01 = 01 + 1.0
UN(IJ) * UN(IPJ)/TNK(IJ)
VN(IJ) = VN(IJ)/TMK(IoJ)

U1(IJ) = UI(IJ) - UN(I*J)
Vl(I,J) = Vl(IJ) - VNCIPJ)

SUMI=SUM1 + UCI(iJ)
SUM2=SUM2 + Vl(IJ)

1040 CONTINUE
SUMi = SUMI/Qi
SUM2 = SUM2/Q1

C NORMALIZE ORIG. AVERAGE VALUES
C 00 1045 J =1,NROW
C O0 1045 I =1,NCOL
C UN(IPJ) = UN(IPJ) + SUMI
C VN(IPJ) =VN(IJ) +SUM2
1045 CONTINUE

PRINT 1145, L
1145 FORMAT(" U COMP. DIVERGENTo LEVEL =]3 )

O0 1160 J=INROW
JP = NROW+I-J

1160 PRINT 9150, (UI(IPJP),I =11,12)
9150 FORMATC .33F4.1)

PRINT 1155

1155 FORMATC V COMP. DIVERGENT )

00 1170 J=1*NROW
JP = NROW+I-J

1170 PRINT 9150, (V1(IPJP)PI =I1,12)
C WRITE LEVEL 4 DIV WINDS TO OUTPUT FILE
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-.A't .- . ,,

IF (L .NE. 4) GO TO 700 t.

00 690 J = 1e NROW
JR = NROW + 1 -J

690 WRITE (3,9065) (UI(IJR),I=INCOL)
00 695 J = 1, NROW

J R = N R O W + 
I - J 

" ' " .: ,.

695 WRITE 0P9065) (VI(IJR ,I=INCOL)
730 CONTINUE
C
C CHANGE BACK TO 3D ARRAYS

0 580 1 ";NCOL

U(IJoL)= 
UN(IJ)

580 CONTINUE NE "-,

PRINT 9003
9302 FORMAT (/1 BEGIN SUBROUTINE GALS

903 FORMAT (I ' END OF SUBROUTINE 8*15 ')

9100 FORMAT (/IX,33F4,O)
9102 FORMAT (Ilx,33F4.1)
9200 FORMAT (W NUMBER OF ITERATIONS ='I5)
9520 FORMAT 

(1 M1', LAYER THICKNESS 
IN HUNDREDS 

OF / )

9560 FORMAT (ISH DIVERGENT WIND/)

9561 FORMAT (19H NCN DIVERGENT WIND/)
9565 FORMAT (1tIlo12M U COMPONENT)
9566 FORMAT (IM1,12H V COMPONENT)
9581 FORMAT 16H ANALYZED VALUES/)

9570 FORMAT (1Ml,30M RELATIVE VORTICITY 10-6 SEC-1)
9571 FORMAT (1HIl22H DIVERGENCE 10-6 SEC-1)
9580 FORMAT (16M BALANCED VALUES/)
9582 FORMAT (W POINT WITH FIXED WIND IS COL =*13pROW ='13/)

RETURN
END

C SUBROUTINE SETDBLARRY(VALUEoARRAYNUM1,NUM2)

C INITIALIZES ALL ELEMENTS OF ARRAY TO VALUE

C REVISON SEPT. 1978
C

DIMENSION ARRAY(NUMINUM2)
00 10 IaloNUMI
00 10 J1,oNUM2

ARRAY(loJ)zVALUE
10 CONTINUE

RETURN
END
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Appendix B

PROGRAM LISTING FOR MADICT

Subroutines: ADVECT
ADV 1ST
ADV 2ND
BASI CS
CAL CON
DEFINE
DOTINT
EV CO
FILEID
GETWND
GRAFF
GRIDXY
INFLU
INWrIND
MET IN
MRG PRG
NEXTHR ~.
OUTNOW
RELHT
VIRTVL
WINDL
WINDDO
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PROGRAM MADICT

C (Model of Atmospheric Diffusion In Complex Terrain)
C
C BY F. L. LUDWIG, SRI INT'L, MENLO PK., CA 94025--PHONE: (415)859-2915
C THIS INTERACTIVE PROGRAM IS A PUFF SIMULATION MODEL FOR A SINGLE PT.
C SOURCE UNDER CHANGING METEOROLOGICAL CONDITIONS. WIND FIELD IS GENERATED
C FROM PRECALCULATED, NONDIVERGENT SOL'NS TO A SET OF NORMALIZED LINEARLY
C INDEPENDENT INPUTS & A MEAN SET OF INPUTS. OCTOBER 1985 VERSION.
C

LOGICAL LOUTFL,KEY0, QUIT,DBUG
INTEGER SL

PARAMETER(Y=.FALSE.)
PARAMETER (INDX=9, INDY=9, INDZ=5, NEION=9, NSTA=8)
PARAMETER (NRCPTX20, NRCPTY=20, MXNPF=199) . ..
COMMON /WINDOB/ NOPUFF,NFUNCT,DEPTH, NWINDS,DOTP (0 :NEION)'D07 (0: :1TA, ( :EINST+

CObHMIN /WNDEIG/ UM(:NSTA,VMO:NSTA+1)0
$ E(0:NEIc , 0:NSTA+I) VE (0:NEIGN, 0:NSTA+I)
OO•N /PFFCON/ PUFINT 0:MXNPF.0:4) PFFPAR(0:MXNPF,0:2),RSPACM,

* CONCEN 0 :NRCPTX, 0: NRCPTY, 0:5),GSIGZ (6),
$" , A,LPHAZ 6), ALPHAY (6), FEXP (0 :90) ,RcPfRX(O :NRCPTX),

* RCP'R 0 :NRCPTY) , IO .R~
CCM4ON /WNDFLD/ WNDUVW 0: INDX, 0: INDY, 0: INDZ, 0:2),GSPACE,DATAN NDLR RHS6 :i (0 ND2) XORO, YORI.,iW.O

PRECAL 0:INDX,0:INDY,0:1,0:2,0:NEIGN),RPMS(0: INDX, 0: INDY, 2), XORIGN, YCRIGN, ZC.IGN
COMMN /SOURCE/ XSOuRC, YsouRcZSOURC, QSOURC
COMMN/LOGES/ LOUTFL,DBUG
DIMENSION VDISR(6) ,VDISZO (6)" ~~DATA NHOUR, SL, DOTP(0) /2"-1, i. O/ -"
DATA SIGY0,SIGZ0,GSPACE,NOPUFFGSIGY
$ /40.0, 3., 6000.0, 0, 0.9/

C
C SET DBUIG-.7RUE. TO GET PRINTOUT HELPFUL IN CHECKING PROGRAM

DATA XORIGN, YORIN, ZORIGN, DBUG
$ / -30000.,-30000., 0.0, .EALSE./
DATA ALPHAY /0.428, 0.301, 0.198, 0.128, 0.095, 0.065 /
DATA ALPHAZ /0.025, 0.075, 0.112, 0.196, 0.231. 0.227 /
DATA GSIGZ /1.38, 1.07, 0.91, 0.72, 0.64, 0.575/

C
C INPUT BASIC INFORMATION & MAKE SOME REQUIRED CALCULATIONS

CALL BASICS (VDISR0,VDISZ0, IHOUR)
C
C GETTING READY FOR NEXT HOUR'S MET'L'G'CAL INPUTS--ONLY SET UP
C TO RUN FOR 6 HOURS (0 TO 5).
C
410 PRINT *, 'FOR HR FROM ', IHOUR,' TO ',IHOUR+1

NHOUR7NHOUR+1
C IF 0MHUR.Gr.5) GO TO 86

C INPUT METEOROLOGICAL INFORMATION
C

CALL MET IN (QUIT, ISTAB, IHOUR, ALPHAY, SEPMAX)
C
C IF FLAG SET IN MET IN, QUIT
C

IF .(QUIT) GO TO 86
C

*-." C IDENTIFY APPROPRIATE FILE AND READ WIND FIELD SOL'NS
C

CALL WINDDO
C
C --------------- START TIME LOOP-------------------------------------------
C
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DO 1270 ITIME=O, 5
C
6 INTERPOLATING INNER PRODUCTS TO THIS TINE STEP
C

IEICALL DOTINT (ITIME)

C IDENTIFY CELLS WHERE WIND IS UN.ACLATED YETcC CALL WNDBAR (WNDUVW YORIG)

C IF STABILITY CHAE, RECALCULATE VIRTUAL TRAVEL
C
" IF (SL.NE.ZSTAB) CALL VIRTVL(ISmBSL)

C FLAG FOR OUT-OF-BOUNDS PUFFS
C

LOUTFL= .FALSE.
C
C ADVECT NEWLY GENERATED PUFFS

C
C ADVECT ALREADY EXISTING PUFFS

CALL ADV 2MC

C MERE AND PURGE PUFFS
C

C ~CL MG_ PRG (LASIPF, SEPMAX) :-
------------------------------------- END OFTINE LOOP-------------------------C

1270 CONTINUE
C °%

C ZEROING COCNTAIOU AT REEPOR

DO 1330 I=0oNRCPTX
DO 1330 J=0,NRCrY

CONCEN(I, JNIDR) =0
1330 CONTINUE
C DETERMINE AFFECTED RECEPTuRs FOR EA PUFF & ACCUMUILATE

C CONCNRATINS
C

CALL INFLU (GSIG. NWUR ISTAB)
C
C GRAPH OUTPUT

C

C SAVING PRECEDING STABILITY FOR COMPRISON WITH NEXT IOUR'S
C

SL-ISTAB
00 TO 410

C
C PRINTING RESULTS
C

86 CALL UWT1O (NmIu, SL)
END"

90
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SUBROUTINE ADVEC~ (XX.YY. ZZ. IRAVEL) .*-:

C
C THIS SUBROUTINE ADVECTS PUFFS IN 5 2-KIN TIME STEPS
C

LOGICAL LOUlYL. DBUG

PARAMETER (NEIGN=9. INDX9. INDY9. INDZ=5) 4
COMMON /WINDOB/ NOPUFF. NFNCT. DEPTl!.NWINDS,*DOTP (0:NEICN),
0 D0TX(0 :1.0:NEIC4)

CMt40N /WNDFWJ/ WDV(0INDX. 0:INDY,0:INDZ. 0:2) .GSPACE,
0 IMM~PREALo 0 INDX 0: INDY. 0: 10: 20:NEIGH) ,

*0 RH0: NDX 0: INDY. 2). XORIQI. YRIQ!. ZORIGN
COMMO0N /LOGES/ LOTLDBIJC

TRAVELO0
DO 2590 ISTEPO.04

CALL WIND(XXYY.ZZU1,U2,U3)
C
C CHECK FOR OUT OF BOUNDS
C

IF (LOUT1L00 TO 2600

YY=-YY+U2*0.2
CALL INDXY (XX, YY, LX. LY, LOLTIFL)
ZZ-ZZ+U3*0 .2
IF (L 00L GO0T 2590....
IF (ZZ.LT .1U1(LY, ZZ=_RRS(LY

I F (ZG.Rs LLY.:2t ZZ=RHSff(LX.LY. 2)
A~lag+0.*SQR(Ul*Ul.U2*U2)

2590 CONTINUE
2600 RETURN

EDD
C

C
SUBROUTINE ADV 1ST (LASTPF. VDISRO *VDISZO, ISTAB)

C
C THIS SUBROUTINE ADVECTS THE PUFFS WHEN THEY ARE 1ST GENERATED
C - -TAKING INTO ACCOUNT THAT MOST DO NOT MVE FOR MhE ENTIRE
C TIME STEP.
C

LOGICAL DBUG. LOUTEL
PARAMETER (MXNPF=199. NEICN-9)
PARAMETER (NRCPTX=2ONR TY20, 1NDX-9,INDY 9, INDZ=-5)

COMM4ON /WNDFWD/ WNDUVW (0:INDX,0:INDY0:INDZ,0:2) OSPACE,

* ~RHS(0: ND .0: INDY. 2),.XORICH. YORICH. ZORIGN
COMM4ON /SOURCE/ XSOURC, YSOURC, ZSOURC, QSOUJRC
COMMION /WINDOB/ NOPUFF. NFUNCT, DEPTH,! NWINDS. DOTP (0 :NEIGN). ,

$ DOTX (0: 1,0: NEIQI)
COMMON /PFFCON/ PUFI NT (0:M)OPF,0:4) ,PFFPAR(0:MXNPF,0:2),RSPAC2I.

$ CONCEN (0NRCPTX,0: NRCP'IY0:5) .GSIGZ (6).
$ ~ALPHAZ(6) .ALPHAY (6). FEXP (0:90),RCPTRX(0:NRCPTX),
$ RCP~Y (0:NRcPIY) .XRCPOY C

COMM4ON /LOGES/ LOUTFL. DBUG
DIMENSION VDI SRO 6,ISZO (6)
IF (NOPUFF.LE (1~I

CALL INDXYdCSOURC.YSOURC,LX. LY, LOUTFL)
Sp'SOURCE OUT OF BOUNDS'

-a ZSOff- I &URC+H(L X, LY, 1)
END IF
CALL WIND (XSOURC. YSOURC. ZSOURC, Ul.U2. U3)

C
C WNSPD UNITS--N (10-MIN).SEPNI SET SO THAT SEPARATION IS APPROX
C 70T SIGMAY AFTER 3 MINUTES, OR 20 METERS,* WHICHEVER IS SMALLER.

C WNDSPD=SQRT (Ul*Ul4U2*U2)
SEPNI=(ALPHAY (isTAB)* (vDIsRo (IsTAB) .0. 3*WNDSPD)**0 .9)
IF (SEPNI.LT. 20.0) SEPNI=20.0
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C GE WNDAT R & NONEW PFS(SEPNI SPOC)EO1t10-MNPEIOD.

NEWFF=.0+WNDSPD/SEPNI

NPLSFFS E NP-NOPUET
IDBUG) PRINT *,"""""* NO NEWOL NEWPFFNOPUFF
IF(EPF.LT .NPUE'FS) NPUFFS=-NEWPF

4. NEX4--NPUJF+l
LASTPF=NOPUFF+NPUFFS

C GETTNG INITIAL VALUES
C

DO 900 IPUFF=NEXTLASTPE
PEFPAR (IPUFF. 0) =600.0*QsUC/PFS -**

PFFPAR (IPUFF 1) =VDISRO (IST'AB)UF
PFFPAR (IPUFF.2) =VDISZO (ISTAB)
PUFINT (IPUFF. 0 =DEPTH
PUFINT (IPUF.4) =0

900 CONTINUE
XO=XSOURC
ZO=ZSOURC
TAVEL-0 .0
CALL DEFINE (LASTPF.O*YO *ZO . 1AVEL) .

PUFINr(LASPW,41=0.0
TSTEP- 1.0PUFFS

CALL INDXY(XOY0.LX,LY,LOUTYL)
IF (.NCOr. ~lF) MME

CALL WIND (XOYO. ZO.UlU2,U3)

WNDSDu 1 *tT(U*UlU2*U2)
Y0=YO4U2*TSTEP
ZO=ZO.U3*TSTEP
TRAVEL-MIRVEL4WNDSPD*TSTEP

C
C DEFINE PUFF PARAMETERS AFTER ADVECTION.
C

CALL DEFINE(IPUFE.X0,Y0. ZOIRAVEL)

PUFINT (IPUFF. 4) 1AOE
ELSE

PEPAR. (IPUFF. 0) =0. 0
END IF
IF (ZO.Cr.RHs (LX.LY.2))Z=1 L.Y2
IF (ZO.LT.RHS (LXLY.1) z0=PH (L'LY)

I(DBUG. AND.MOD(I IPUFF.15)i .EQ1) LPRI T000,IPUFF. LOU.FlL,
( UFINT(IPUFFJJP) .JJPO.04) ,(PFFPAR(IPUFFKKP).KCP=-0,2)

6000 FRHT(' PF-STUFF (ADVlST) - -~OUr?. ?4X14X, X, Y, ZAGE, Q. VTZ.,VTX'
1X *1X.2,L3,6F8. 0,2E12.2)

950 CONTINUE
RETURN
ED

92



C
SU13ROUTINE ADV 2ND

C
C THIS SUBROUTINE ADVECTS OLD PUFFS FOR A TIME STEP.
C

LOQICAL DBUG
PARAMETER (EIQ9 ?.VO4F=199. NRCTX7=20,-NRCPTY=-2o)
PARAMETER (INDX9. iNDY=-9.INDZS),

COtHON /WIND B/ NOPUFF. NFUNcr.DT I NWINDS,DO P (0:NEICN),

* DO'IX (0:1.02)NRSPAJ)COMMION /PFFCON/ PU=T0MNF0: ,PFFPR(0:4QF.O)RS a.
$LCONCEN 0:O.NRCPTX, 0 . 5) ,GSIGZ (6),

ALPHAZ 6) .ALPHAY (6) .FEXP (0 :9O) RCFIRX (0:NRCPTX),

* RCPIIIY 0: NRCPTY) . XaCPO.YRCpo
COMM4ON /WNDFLD/ WNDUVW (0:INDX 0: INDY 0: INDZ. 0:2) .GSPACE,

PRECAL 0 INDX, 0: INDY, 0: 1,0: 2,0: NEIC).
RH,0:ND 0:INDYo 2),XORIGN, YcIcN,.ZoRiGN

DO 1000 IPUFF=0,NOPUFF
C
C ADVECING OLD PES
C

IF(PFFPAR1 IPUFF, 10) .EQ. 0) 00 TO 1000

YY=PUFINT IPUFF 2

ZZ=PUFINT (IPUFF 3)
CALL INDX (XX.Yy. L LYLOUTFL)
IF (LOUTFL) fINN

PFFPAR( IPUFF,0)0O.0
0O TO 1000

ELSE
IF (ZZ.LT.RHS (LXLY.1) ZZ1W (LY,1iIF(ZZ.GT.RHS (LX.LY,2) ZZIM1 (LXLY. 2
CALL ADVECT :xYY~ ZZ ,IAVEL)
CALL DEFINE (IPUFFXX,YY. U. TRAV)
IF (DBUG.AND .MOD0(IPUFF.15) .EQ.1) F INT6 000. IPUFFLOUTFL,

* (PUINT(IPUFFJJP). JJP=0.4) (PFFA(IPUFF,KKP) .iP-0, 2)
END IF

6000 FOPXA2 ( PUFF-STUFF (ADV2ND) - -#.OUT'1?. 14AX141X, X. Y, Z, Ar.E. Q, VTZ. VrX
C .1X,12,L3,6F8.0,2El2.2)

C SET MATERIAL IN PUFF To o FOR FUTrURE REMOVAL IF OUT OF BOUNDS
C

100 IF g.OUTFL) PFFPAR(IPUFF, 0) =0

END .-
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SUBROUTINE BASICS (VDISRO VDISZO, IH UR)
C
C 72IS ROUTINE READS IN BASIC INFORMAT'ION AND MAKE SOM4E
C REQUIRED CALCULATIONS

LOGICAL DBUG,LOUTEL
PARAMETER (NEIGN=9. MXNPF=199, NRCPTX=20, NRCPTY=20)
COMN /sINDOB/ NOPtCFF, NFUNCT, DETL. NWINDSDO(0:NEIN)

, DOTX (0: 1, 0:NEIGN)
COMMON /SOURCE/ XSOURC. YSOURC. ZSOURC, RC
COMMN /PEfCON/ PUFINT (0:MXNPF,0:4),PFFPAR(0:MXNPF,0:2),RSPACM,

$ CONCEN (0: NRCPTXo 0: NRCPTY, 0:5), GSIGZ (6),
ALPHAZ (6), ALPHAY (6), EXP(0:90), RCP'TRX(0:NRCPTX),

$ RCPTRY (0 :NRCPTY). RCPO, YRCPO
COMMON /LOGES/ LOUTFL, DBUG
DIMENSION VDISRO (6) VDISZO (6)
DATA SIGZO, SIGYO

$ / 3.0, 8.0/
DO 260 I=0,90

CC CALC EXPS AND INITIAL VIRTUAL TRAVEL

IF (I.GT.6 .OR. I.EQ.0) GO TO 250
VDISZO (I) = (SGZ0/L A() (1.0 /GSIGZ(I))
VDISR0 (I)=(SIGY0/ALPHAY (I) 1 ( 111)

250 FEXP (1) =EXP (-0.1*1)
260 CONTINUE
C
cC INPUTr OF BASIC GRID, WTIND STATION INFO ETC

PRINT *, 'RECEPTOR SPACING (M)?'
ACCEPT *RSPACM
PRINT*, ' '. RSPACM
PRINT *, MANY WIND SITES?'
ACCEPT * NWINDS
PRINT*,' '. NWINDS
PRINT *, 'HOW MANY EMP. ORTH. FCTNS?'
ACCEPT *oNFUNCT
PRINT*,' '. NFUNCT
IF (NFUNCT.LE. 2* (NWINDS +1)) 00 TO 340
STOP 'TOO MANY EIGENVECTORS SPECIFIED'

340 PRINT , SOURCE X,Y,Z (ABOVE SEC) IN METERS?'
ACCEPT XSOURC, YSOURC, ZSOURC . "
PRINT*,' '. XSOURC, YSOURC, ZSOURC
CALL GRIDXY (DBUG)
PRINT *, 'HOIJR?'
ACCEPT * IHOUR
PRINT*, ' ', IHOUR

C
C PUT HR BETWEEN 0 & 24
C
C IHOUR4JEX7HR (IHOUR)

C READ EMPIRICAL ORTHOGONAL FUNCTIONS
C

CALL EVCO
RETUIRN
END

9J4
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SUBROUTINE CALccN(ITYP. ISTAB. ZZ,TYPT4L.9IJL1T.II,JJ, I,
C SIGZ,NIDJRHEREMX)

C CALCULATES CONICENTRATION counmu~io (TERAL EFECTS ALREADY
C ACC NTWD FOR I X)ACCORDING TO AMITEVERICAL MODEL
C ITIW--1BO0X. 2=UWlC & 34RFfLECTmD

C ONEt (/WJ ) IDB NOPUE Y REEUCINDIES FOR NWIDS DOUR (0 EQUENCE

C OIETF COCNRON (0!G T.0 NCI.:) CZ()

C ICUE MAERA CONT1 I,15).EQOSPREING EFECS *IJ ARECRECEPTO

C BOXTHREXLOA MIXNGDEEL1

PA720 TE IF(EPDCPUFI20N I, 0)) DF19,EG-9
COMMONP/EPAR(I/ 1OUF NFNT, DEPTH, NIND)D0LP A(:IGHA).

0 COOCE 1.RCX0ZIS) 05,SG()

PUFIT(I. 0:CP

IO (TOP2 70 70 28
C
C O ROELTO DL

270 IF(.r9)0 T 280 TE

2810A (I 38TYML /APAZZTA)

C CONEN (1, JJ, NHOUR) = (.'EU()/IZ CONCEN (11, JJ, NHOUR)

GO TO 270

CORFLEMCTO (MOUDE3L CRJAIE C~D4RTO I EL

6000 (KG.0 213 0 IS 28E703

CRE!UErINMOE

?=Q.~, *.Z5.00.

IF (KG.0 00 TO.277



SUBRUINE DEFINE (IPUFF. XX.YY, ZZ. IRAVEL)

C DEFINES PARAMETERS FOR EACH PUFF - -1ST INDEX IDENTIFIES PUFF
C 2ND INDICES IDENTIFY VARIOUS CHARCERISTICS AS FOLL0WS:
C PUFIN'r--
C 0O-MAX MIX DWIII OMtXWYEE (14)IC 1,2,3=XYZ COOVDINALTES (M)
C 4= AGE OF PUFF (MIN.)
C PFFPAR- -

Cz~ 0~ATEIAL IN PUFF (GM)
C 1. 2= VIRT TRAVL DIST O SIG &SIGY (M)
C

LOGICAL LOUT!FL, DBUG
PARAMETER (MWIF=199, NRCPrX-=20. NRCPTY=20)
COMMN /PFFC(OA/ PUFINT O:HXNFF-,0:4)*PFA (0 :MXNPF,0: 2) RSFACE.

*COWEN 0:E1O:NRA TY F.0:5),GZ. )
* ~ALPHAZ 6) .LA(6) FE(0:90) .R (b:NRCPTX),
* ~~RCPTRY 0:3~)UOX~

COON c'/14CES/ La~nTYL,1l
IF (LW!?!,) 00 7O 2680

CASSIGN PUFF PARAMETERS AT END OF 10-4N3 STEP

PUIFINT (IPUF 2) =--Yy
PUFINT (IPUFF.3) =-ZZ
PUFINT (IPUFF 4) =PFIN (IPUFF 4) :10
PFFPAR $IPUFF. 1~ -PFA (TRF.1) AVEL
PFFPAR IPUEF. 2 =PFE (PUFF, 2) 4TAVE
IF (DC .AND.' PF .E ) PRINT6000.

* IPF (FINT (IUFL .4).

6000 FN (1.X, I PUFF EF=011INE) -- ,AXGIX, X, Y, ZAGEQ.
VTVY ,1IX, 15,6F8.O2E12 .2)

2680 RETURN
C END%%

C

SUBROUTINE DOTINT (ITIME) 7
C
C ThIS SUB INTERPOLATES BETWIEEN INNER PRODUCTS FOR MIE BEGINNING
C AND END OF THE HOUR TO GET VALUES FOR THIS TIME STEP
C

LOGICAL DBUG71
PARAMETER (NEIQI=9)

COMM4ON /WINDOB/ NOPUFF, NFUNCT. DEPTH. NWINDS. DOTP (0:NEIQI),

DO 570 1=1, NUNCT
D07P (1) =-DOTX (0, 1) 4(0. 5ITIMEJ (DOTX (1, 1 -DOTX (0,1)) /6. 0

IF(Duo) PRINT*. INNR PROD. .I,DOI'P(
570 CONTINUE lw

D0P()=1. 0

END

96



C
SUBROUTINE EVCO

C
LOGICAL DBUG, LW1TYL

PARAMETER(NEQ=9. NSTA=8)~
COMM10 /WINDOB/ NOPtUE .NEUCTDEPTH.NWINDS.DOTP(0:NEIGH).

DOTX (0: 1. 0:NEIGH)
COMMON /WNDEIG/ UM0 :NSTA+Il oVM(:NSTA)12E (0: :NEIAN, 0: WM'A ), M%(0: :NEIGH, 0: NMY +l)

CCCK40N /IMGES/ LOIYIYL, DBUGc
C READS EIGENVECTORS AND MEAN WINDSoCORRECTS UNITS & REORDERS
C EV'S SO THAT 1ST ONE EXPLAINS MOST VARIANCE ETC

IVREAD=II l
INVEIG=NEIGN-N .U.-...
IF(INVEIG.T.1) STOP 'Too MANY EIGENVECTS SPECIFIED'O 1K -o,N -U :C-"

C
C INPUT FILES ORDERED SO THAT:
C IV=O IS MEAN
C IV-NEIGN+l IS MOST VARIANCE EIGENVECT.
C IV=NEIGN " 2ND MOST "
C IV=NEIGN-1 3RD ETC ETC

IF B) PRINT*. 'EV FILEW', IVREAD
RED(IVREAD, 11) IV-"-
IF (IV. EQ. 0) IN

DO 8 J=0.NWINDS
READ(IVREAD, 12) UM(J) ,VM(J)

C-------------------------------------------------------------------------------
C CONVERTING C/SEC TO M/SEC. ENDLIOV'S WIN MODELS OIWUT IN CM/SEC--
C CODE MlOIFICATIOIS MAY BE REQUIRED FOR USE WITH OMHER MODELS.
C-------------------------------------------------------------------------------

M(J = (J/100.-()-V J (J/100. ;'"''

IF DBU)RN* 'MEAN UV'.
(J) VM (J)

ELSE
IV=NEICN-IV+2
DO 9 J .NWINDSIF(IV.LTI0) STOP 'IV < 04 "",

READ(IVREAD,12) UE(IV.J),VE(IV,J)

c CONVERTIN E M/SEC TO M/SEC. (SEE ABOE).
C - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

(IV, J) - (IV, J)/100..
VE (IV, J) =VE (IV, J) /100. " -

IF(DBUG) PRINT*, 'EV #',IV,' U,V'o, ,.'-"
$ ~~~UE (IV. J), VE (IV, J) o-.-.

9 CONTINUE

10 COE INUE
11 FORM4AT (I10) .-. ,
12 FORMAT (2F1O. 2) ..

RETURN
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SUBROTINE FILEID (hREAD. DEPMQ

C CEKN FOR PPROPRIATE FILE IDENTIFIER FOR READING

INTEE II R

F AAEE FLS-I #O OUINFLSSORMUS I OLU WLS

PAATE (=ABUS (""lO.-E2) 7'.5

IIREAD=I

IFIKREAD..)SOP00

REINDI

READ(IR,9091) ~ ~ ~ ~ JSTIDIASK IA

REWIND....

.5 4

TEMP-ABS(A' 100.. 5'H

TMI.~ 711

inl

IRJ%-R

50COTNU 
NDI
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SUBOUTINE GETWD(IX, Y. IZ)
C
C CALCULATES WIND IN CELL IX, IYo IZ FROM PRECALCULATED EIGENVICIR
C SOL' NS (0 TO NFUNCT) USING LOG-LINEAR INTERPOKATION (CINTRP (IZ)
C PROVIDES APRIATE LOG INTERPOLATION FACIUW) BETWEN
C VAUES A TOP & DTrOM. & INNER PRODUCTS (DXP) LINEARLY
C INTERPOLATED IN TINE.
C

LOG;CAL DBUG, LOUi'YL
PARAMETM (INDX-9. INDY9, INDZ=5, NEIGN--9)
DIMENSION CrNTRP I Z)CM0N /WINDOB/ NOPUFF,NFUNCT,DEL-MfNWINDS,DOTP(0:NEIGN). ,

• $ DOTX (0 : 1, 0: :NEIGH)

"" $- PRECAL (0 : INDX, 0 : INDY, 0 : 1, 0 : 2, 0: NEIGH) , .,

" RBS(0: INDX, 0 :NDY2),XORIQ.YORIQI.ZORI
COM4ON /LOGES/ LOUTFL, DBUG ' *"

DATA CINTRP /0.24, 0.51, 0.68.0.80,0.95,0.97/
FINTRP=CINTRP (IZ)

C SETTING UNCALCULATED COMPONENTS TO 0
C

DO 50 K=0,2
WNDUVW(IX, Y I Z, K) =0.0

50 CONTINUE
C
C SUMMING MEAN SOL'N & CONTRIBUTIONS FROM EV SOL'NS, MIEN
C INTERPOLATING TO LEVEL IZ.
C

DO 100 K=ONFUN"-
C-------------------------------------------------------------------------------
C TAKES MEAN SOL'N (K=o) AND ADDS PRODUCTS OF INNER PRODUCTS (DOTP, DOTP (0) =1)
C AND SOL'NS FOR VARIOUS EIGENVECTORS TO GET WIND AT TOP & BOTIU OF LAYER.
C NOTE, VALUES ARE ALSO CONVERTED FROM CM/SEC TO M/10-MIN. -- CODE MODIFICATIONS
C MAY BE REQUIRED IF ENDLICH'S MODEL IS NOT USED.

UL=PRECAL (IX IY,0, ,K) '6.
UU=PRECAL (IX, IY,l ), 6.
VL=PRECAL (IX, IY, 0, 1, *6.VU-PRECAL (IX KY 11.K)6..'
WL=PRECAL (IX, IY. 02, K')6.
WU=PRECAL (IX. IY, 1, 2 *6.
WNDUVW (IX, KY. IZ, 0) = (K) (UL+ (UU-UL) *FINIRP)

+WNDUVW(IXIY,IZ,0)
WNDUVW(IX, IY. IZ, 1)= * VL+U EP)SWDV(ix, IY, Iz,) rV • -TR

WNDUVW(IX, IY. IZ, 2) --D= 0 *(WL+ (WU-WL) *FINTP)

IF(DBUG.AND.K.EQ.3) PRINT 9093, IX, IYo Z,-
. (WNDUVW (IX, IY, 0, LL), LL=0, 2)

100 CONTINUE
9093 FORMAT(1X,'U.V&W FROM CELL (GETWND)',314,3Fl0.2)

RETUIRN
END

'. ,'- 'l
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c
SUMOUTINE GRAFF (I.DBUo) "

C . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . *'

C--------------------------------------------------------------------------------
C IMS ROUTINE USES THE NCA GRAPIUCS P0 ROUTINE EZSREC TO
C PLOT A 3-D PRESENTATION OF THE CONCENMRATION FIED. - -CODE
C HOWIFICATIM NAY BE REQUIRED IF O'iER GRAPIN PAOCPlES ARE USED.
C -- - - -- - - -- - - -- - - -- - - -- - - -- - - -- - - -- - - -- - - -- - -C-

PARAMELER (aTX=20, NRCY=20, MDIPF=199)
COMMON/PECON/ PUFINT(0:MXIIPF,0:4), P'FPAR (0:GMXNPF,0:2),RSPAO4,

$ DJ (0 :NRcPTX, o :NROCPY, 0:5) GSI Z (6).
* ALPHAZ (6),ALPH (6),FEXP(0:90),RCPTRX(0 :NRCTX),

LOGICAL RCPTRY (0:NRCPTY), XRCPO, YRC 0

DIMENSION Z (21, 21). WORK (1300) -'
DATA AIU{-, A"V.-_./ 60., 210./".',"

MX=NRCIX+1

IF (MX*MY.G'r.625) STOP
Do 92 TO MANY RECEPTORS FOR GAPHING'

DO 90 K=I.,MY .- "-
Z (J, K)I =CONCEN (J-l1, K- 1, 1) i':'

90 CONTINUE"

IF (DBUG) PRINT 6000. (Z (L,J),L=1,21)
6000 FORMA (1X. 11E10.2/5X. 10E10.2/)
-92 CONTINU

IF (DBUG) GO TO 95
C---------------------------------------------------------------------------
C USING NCAR GRAPHING ROUTINE-- CONCEMIRATION PATTERN IN 3-D
C VIEWED FROM ANGH DEG. SOUTH OF X AXIS & ANGV DEG. ABOVE HORIZONTAL.
C
C CALL EZSREC (ZMX,MYANGH,ANGVWORK)
C-----------------------------------------------------------------------------
C USING NCAR CONTOUR ROUTINE FOR REGULARLY SPACED, RECTANGULAR MX-BY-MY
C ARRAY OF VALUES.

CALL EZcTR (Z, MX,. MY)
C------------------------------------------------------------------------------

95 RETURN
END

1.0

. .- " °
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SUBRUTINE GRIDXY (DEUG)

C CALCULATES RECEPTOR COORDINATES WITH GRID CENTERDO SUC
ONSUC

LOGICAL DBUG
PARAMETER (NRCPTX=20, NRCPTY=20,* IWPE=199)
COMMON /PFFCON/ PUFINT O:I4XNPFO:4),PEEPAR (0:tVOP,0:2),RSPAD4.

CONCE 0:NRCPTX. 0:NRuCPTY.0:5) GSIGZ (6),
ALPHAZ 6),ALPHAY( FEXP(0:90),RCPTRX(O:NRCPTX),
RTY 10: NRCPTY %CPO, YRCOO

COMMON /SOURCE/ XSOURC , YSOURC, UCQSOURC

X[RCPO=XSOURC- CPTX/2: .0i :,, X~P,~P

cCPTY/gJ RSAM
PRNT *, - RECP'X XOORDG- - XRCPO,RO(JJ

DO 3150 JJO- *NRCPIX
RCPTRY (JJ) YRCPO+RSPA24*JJ

310 IF (DBUG) PRINT * RCPTRY COORD--JJRCPTRY(JJ)
RETURN
END

C

C

SUBROUT7INE INDXY (XX,YY. LX,LY LOUTEL)

C FINDS TH~E GRID SQUARE INDICES LX & LY FOR THE COORDINATES XX &YY.
C SETS LOUTFL TO TRUE IF OUT OE BOUNDS.
C

PARAMETER(I 4DX9.INDY=9. 1NDZ5.NEICN=9)

COMMON /WNDFLD/ WNDUVW (0:INDX,0:INDY0:INDZ,0:2) ,GSPACE,
PRECAL(:INDX,:INDY:10:2,0:NEIQ4),
RHS(0:INDX,0:INDY,2) .XORIGN.YORICNZORICN

LOUrEL= .TRUE.

L= XX-XORICN) 
/GSPACE

IF LX.LT.0 OR. LX.GT.INDX) GO TO 2500
LY (YY -YRI G) /CPACE
IF (LY.LT.0 .OR. LY.GT.INDY) 00OTO 2500

LOTLFALSE.
2500 RETURN

END
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SUBROUTINE INFLU (CSIGY. NHOUR. ISTAB)

C THIS SUBROUTINE DETERMINES WHICH RECEPTORS ARE CLOSE ENOUGHI TO
C THIS PUFF TO RECEIVE A SICNIFICANT CONTRIBUTION TO TH CONCENTRATION,
C AND INEN ACCUMULALTES THE CONTRIBUTrIONS AT THE AFFECTED RECEPTORS.
C

PARAMETER "rqWF199,*NRCPTX=20,*NRCP1Y20, NErcGN9)
PARAMETER (INDX=9. INDY=-9.INDZ=S)
LOGICAL DBUG. LOUTFL

C40MN /WNDFLD/ WNDU4W (0:INDX,0:INDY,0:INDZ,0:2) .GSPACE.
*PRECAL (0: INDX 0: INDY,: 10: 2,0: NEICN) ,
* P115RB(0 :INDX,0: INDY. 2),.XORIGN, YORIQI. Z(EIGN

COIHMON /WINDOB/ NOPUFF. NFUNT. DEPTH. NWINDS. DOTP (0:NEICN),
* DOT (0: 1, 0:NEIC(

COMMHON /SOURCE/ XSOURC. YSOURC.9ZOUC, QSOURC
COMM4ON /PFFCON/ PUFINT (0:MXNPF,O:4) ,PFFPAR(0 :HM OIF.0:2),RSPACM,

*CONCEN (0 :NRCPTX. 0 NRCP'IY 0:)GI;()
*ALPHAZ (6),ALPHAY(6 * FE.0:9),RSIGZ(). CPX
* ~~RCPTRY (0 :NRCPTY) , ~XRP (:9) RfhX0:GPX)

COMM4ON /LOGES/ LOUTIFL, DEUG
NPNT-1l

DO 1700 I=0,NOPUFF
C
C GET Hr. ABOVE SEC TO DETERMINE PROPER MODEL TYPE.
C

CALL INDXY(PUFINT( (11),PUFINT (1.2) .LX.LY LOUTFL)
IF (LOUTFL) 00 TO 1700
IF(DUG.AADI 3)R(LX,LY.1l

PRIT*. IN SUBROUTrINE INFLU) -#, TYPIL, HEEMX,X, Y, Z
PRINT 1, ITYPMIDL, HEEU, (PUFINT (I, JK) , JK1-, 2) , ZZ ~

END IF
C
C GET LOCAL DEPTH OF LAYER
C

HEREMX=3115 (LX,LY,2) -RHS (LX, LY,1) -X
TYPML=HEEMX(1ER4X-ZZ)

c IF (TM4DCL.LT . 0) 00 TO 1700

C CHEC FOR ABOVE MIX DEPTH~

SIGZ-- (ALPHAZ (ISTAB *(PFr.AR (I, 1)**GSIGZ(ISTAB)))
BIG1VP=SQRT (YP-D/0. 26)
IF (SIGZ.GT. BIl ) SIGZ=BIGTOP+1
IF PUINT (I 1 3).G .3.0*SIGZ) 00 TO 1700

C YX3= (ALPHAY (I STAB) *PFFPAR (1. 2) * *SIGY) *3.0

C SET SYX3=3SIG4A & FIND BOUNDS OF PUFF INFLUENCE
C

LOWCOL=NINT ((UFINT( 1.1 -XRCPO-SYX3) /RSPACM) -1
IF (LQWCL. TNR~TX) AOTO 1700
MAX O-MNINT ( PUFINT (I 1) -XRCPO+SYX3) /RSPACM) +1
IF (MAXCONF 0) 00 TO 1700
LOWROWN4IT UFrINT (I,2) -YRCPO-SYX3) /RSPAO4) -1
IF (OUW .-.. , 00 TO 1700
MA3MOW4=NINT ((PUFINT~l 2) -YRCPO+SYX3) /RSPACM) +1
IF (MAXROW .LT 0)_G0OTO 1700
IF (MAXCOL .GrT.NRCP LA) MAXCOL=NRCPTX
IF (Lowcol. LT. )LWO=

I(MAXROW OGT . LOW92AUW=RGI
IF (LOWROW. LT. 0) Low oW

C
C RESET SIGY TO 1/3 THE RANGE OF INFLUENCE

* C
SIGY-SYX3/3.O
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C
C SELECT MODEL TYPE--BOX MODEL (ITIYP=1), NO REFLECTION (ITYP=2). .J
c REFLECTION (ITYP=3).
C

ITYP=2
IF (DBUG .AND. MOD(I. 15) .EQ.0) PRINT*,' LCL DPIH,TYPt4DL,SIGZ',

HERE4X, TYPMDL, SIGZ
IF (EP IH.LE. 0) GO TO 1610
IF ((1.1S*SIGZ*SIGZ) .LE.TYPt.VL) 00 TO 1610

IF ((0.26*SIGZ*SIGZ) .LE.TYPMDL) 0O TO 1610 S
ITYP1 *

1610 IF(DBUG .AND. MOD(I 15) .EQ.0) THEN
PRINT*, '*LOWC,MAXCLOWR.MAXR '

* I1, LOWCOL, MAXCOL, LOWROW, MPJCROW
__ PRINT*, ' SIGZSIGY ',SIGZSIGY

C
C NOW CALCULATE CONCENTR~ATION FOR AFFECTED REGION.
C

DO 1690 I1zLOWCOLMAXCOL
DO 1690 JJ=LWRW,t4AXR0W

NPNT-NPNT'1

C YO(PUFINT 1: 2 -RC II J
C GET Hr. OF PUFF ABOVE RECEPTOR TO CALCULATE CONCEN.
C

CALL INDXY CPTX II).RCPRY (JJ) LX. L Y. LWFL)
ZZ=PUFINT-(1,)i (LY.1)
INDEXP= (5.0* (XX*XX.4YY*YY) /(SIGY*SIGY))
IF (DBIG A. MOD (NNT1) .EQ. 0) PRINT ~

* ROW, COL,X,YZ, RCPTRX, RCP1RY, SIGY, INDEXP,'
11 IIJJ, XX, YYZZ, RCPTRX(I I) , RY (JJ) SIGY INDEXi)
IF (INDEXP.GT.90) GO0T 1690

C
C GET FACTOR (QlMULTF) THAT INCLUDES PUFF MATERIAL & LATERAL SPREADING
C EFFECTS & CALL CALCON TO INCRMDENT C40CENTRATIONS AT AFFECTED RECEPTOR
C

QMULTE= 2*PFFPAR 1, 0~ *FE(INDEXP))

CALL M N(ITYP. TB Z TYP?4DL, Q.ULTF.
* II.JJISIGZNHOURHEREMX)

1690 CONTINUE
1700 CONTINUE

RETURN
END
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SUBROUTINE INWIND (I, IHOUR)
C
C " THIS SUB ACCEPTS WIND, CALCS COPONT. FORMS INNER PRODUCTS
C WITH EIGENVECTORS (OR OTHER ORTHOG.FNCTNS)
C

LOGICAL DBUG, LOU.TL
PARAMETER (NEICN=9, NSTA=8)
CAMON /WINDOB/ NOPUFF. NFUNCTo DEPTH, NWINDS.DOTP (0 :NEIGN),

$ DOTX (O:1,o:NEICN)
COMMON /WNDEIG/ uN (0 :NSTA+1), VM(0 :NSTA+1) .

-* UE (0:NEIGN,0 :NSTA+I).VE(0:NEIGN,0:NSTA+l)
COMMON /LOGES/ LOUTFL,DBUG
DIMENSION U(0:NSTA+I),V(0 :NSTA+I)

C
C CORRECTING FOR 1ST HOUR INPUTS
C

IF (I.EQ.0) IHOUR=IHOUR-1
C
c INPUT WINDS & GET COMPS
C

IF (I.LE. 0) GO TO 2200
DO 2190 J=I,NEICN

DOTX (0, J) =DOTX (1 , J)
2190 CONTINUE
2200 DO 2250 J=0,NWINDS

IF(J.EQ. NWINDS) THEN
PRINT *, 'GRADIENT WIND SPD. (M/S) & DIR.

FOR HR. ' ,IHOUR,'?'
ELSE

PRINT *, 'WIND SPD(M/S) & DIR. AT SITE ',
J+1 F FOR H', IHOUR"

END IF
ACCEPT * WNDSPD, WD
PRINT*, ',WNDSPD,WD

C
C CONVERTING TO DEVIATIONS FROM MEAN COMPONENTSC

J =WNDSPD*COS INDIR -UN J) -
V J =WNDSPD*SIN (WINDIR (WD)} -VM (Jill,
IE BUG) PRINT*.' U,V AT SITE # ,J,U(J),V(J)

2250 CONTI
C
C ZERO INNER PRODS & GET DOTX'S--INDEX I=HR & K=FUNCTION
C

DO 2275 K=1,NFUNCT

2275 CONTINUE
DO 2300 K=1,NFUNCT

DO 2290 J=0,NWINDS
220X (I, K) =U (J) *UE (K, J) +V (J) *VE (K, J) +DOTX (I, K)

IF (DBUG) PRINT*, ' INNR PRD #e K, DOTX (I, K), I-
2300 CONTINUE
C
C RESET HOUR AFTER 1ST HOUR INPUTS
C

IF (NOPUF.EQ.0)THEN
DO 2305 K=1, NFUNCT

DOTX (1, K) =DOTX (0, K)
2305 CONTINUE

IHOUR=N I-IHOUR+1)NOPUF=NOPUFF +1 ""-
END IF
RETURN
END
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SUBROUTINE MET IN (QUIT, ISTAB, IHOUR, ALPHAY, SEPMAX)
C THIS ROUTINE READS IN BASIC METEOROLOGICAL INFORMATION FOR THE
C NEXT HOUR & SETS QUIT FLAG TO STOP COMPUTATIONS IF A NEGATIVE
C MIXING DEPTH IS INPUT.
C LOGICAL QUIT ,w

PARAMETER (NEICN=9)

DIMENSION ALPHY (6)
ON /WINDOB/ NO6PUF, NFUNCT, DEPTH, NWINDS, DOTP (0 :NEIGN),-

DorX(0 :1,:NEICN)
COM9ION /SOURCE/ XSOURC, YSOURC, ZSOURC, QSOURC
QUIT=-.FALSE.
PRINT * 'MIX HT. (M) & STABIL.?--NEG. MIX HT TO STOP'
ACCEPT *, DEPTH, ISTAB
PRINT*,' , DEPTHISTAB 

4IF (DEPTH.LE. 0) THEN
QUIT- .TRUE.

ELSE ,v.,.,.*t
SEPMAX=ALPHAY (ISTAB)*0.45
PRINT *, 'SOURCE STRNGTR (G/S)'?'
ACCEPT * qSOURC
PRINT*,' , QSOURC
IHOUR=NEXTHR (IHOUR+1)

C
C FIRST HOUR WINDS ARE INPUT & INNER PRODUCTS CALCULATED
C

IF (NOPUFF.LE. 0) THEN
I=0
CALL INWIND (I. IHOUR)

END IF
C
C INPUT NEXT HOUR'S WIND & CALC. INNR PROD.
C

CALL INWIND (I, IHOUR)
END IFEND 

......RETURN
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* SUBROUTINE MRG PRG (LASTPF. SEPt4AX)
C THIS5 SUBOUTINE MERGES CLOSE-TOCE11IER PUFFS &ELIMNATES EXTAS.
C WrT-QEF-BOUNDS PUFFS (IDOMlEW BY 0 CCUNT) ARE ALSO ELIM&TED.

LOGICAL LOUTEL
PARAMEIU (NEICN=9. MXOPF19, NRCPT=20, NRCPTY=20)
PAP-AMTER. (INDZ=5, INDXC9. INDY--9)

CoImm3N /TJDEW/ WN 0: INDX, 0: INDY, 0: INDZ 0: 2), CSPACE,
PfRECAL 0:INDX,0:INDY,0:1,0:2,0:NEIGN) ,1
RIS(0: :NDX. 0:INDY, 2) .XCRIQ,YCRIQI.ZCRIQ1

CMMON /WIIIDOB/ 110-UFF, HEIR=, DEPTHI.NWINDS, DOTP (0: NEIGH),
*~ ( OX0: 1.0: NEIGH)

CM40K /PFFCON/ (0 l:IKcNPF, 0:4),PFFPAR (0 :FMOPF. 0:2) .RSPAa4.
* CONCEN (0:1NRfC.0X,:NRlY,0:5),GSIGZ(6).
* ALPHAZ (6)..ALPHAY( )FEXP (0:90),RCP1RX(0:NR;LCTX),
* ~~RCPTRY (0:NRaC'1Y),X CPQ. YRCPO .~.

1=0
*1015 II=I+1

IF I.G.K~PF)STO -TOO MANY TIMES IN PURGE LOP

C

IF(PYA . LEQ. 0) 0O TO 1120
PSEP=AB P R(I 2) PFFPAR (1, 2) 12

IF(PSEPN.CESPlXPFFPAR(II, 2)) 00GO 12
DO 1060 L-O .4

PUFINT (II.L)=0 .5* (PUFINT (I1, L) .PUFINT (I,. L))
100 CONTINUE

C
C MAKE SURE MIMRGW PUFF ISN'T BELOW SFC.
C

CALL INDXY (PUFINT (11.1) ,PUFINT (11.2) LX. LY.LOUTEL)

GO TO 1120 ,q-

END IF
IF (PUFINT(II,3) .LT.RHS(LX,LY,1)) PUFINT(II.3)RHS(LXLY,1)
IF (PUFINT (I.3).CT .RHS (LX. LY. 2)) PLFINT(II.3) RHS (LX. LY.2)
PEFPAR (11, 0) =PFFPAR (I I 0)ePFFPAR (1, 0) 0.PFFPR II1, 1) =(PE'FPAR (II 1) PFFPAR (I, ) .

PFAR (II, 2) =(PFFPAR (II. 2 PFA(I. 2)) 0.
PEEPAR 1I, 0)=0
IF (I.GE (LASTPF-3)) 0O TO 1130
11I+2

00 To 1015

1120 I=FI.GE. (LASTPE-2)) GO TO 1130511
1130 IDNEW=-1

DO 1250 I0O,LASTPF
IF (PFEPAR (I, 0) .LE. 0) 00 TO 1250
IF (PUFINT(I, 3) .Gr.DEPTH) PUFINT(I, 3)=DEP'1H

* C
C MAXIU4 MIXING DEPTH EFFECT
C

IF PF~ITl 3) .LT. 0) PUFINT(I, 3) =0

DO 1240 L=0, 4
PUFINT (IDNEW, L) =PUFINT (I. L)
IF (L.Cr.2) TO 1240

PFFAR(DNE,L)=PFFPAR(I,L)
1240 CONTINUE

*1250 CONTINUE

EDD

106

N. V.



FUNCTION NEX7HR (IHOUR)
C
C CHECIKS TO MAKE SURE IIIUR IS BETWEEN 0 & 23.
C

NEXTHR=If3UR
IF IHOUR.LT.0) NEXT=RIIIXR+24
IF I OUR.G.23) NEXf= I I.OUR-24

END
c

SUBROUTINE OUTNOW (NHOUR. ISTAB)

C PRINTS SOME BASIC INFO & NON-ZERO CONCENTRATIONS
C

LOGICAL DBUG, LO .-L
PARAMETER (NRCPTX=20, -NRCTY=20, MXNPF199, NEICN=9)
CM40N /WINDOB/ NOPUFENFUNCT, DEPIHNWINDS, DOTP (0 :NEIGN),

0 DOTX (0:1,0:NEII)
CM40N /PFFCON/ PUFINT (0: MXNF,0:4) PFFPAR(0:MXNPPF,0:2),RSPACM,

S CONCEN (0:NRCPTX,: ARs ,o:5), GSIGZ (6).
ALPHAZ (6),ALPHAY(6) FEXP(0:90),RCPRX(6:NRCP TX),

* RCVIIY (0:NRPrY) ,2 ZYRCPO
cOMON E/ LWOrTL. BUG

COMMON /SOURCE/ XSOURC,YSOURCZSOURC.,QSOURC
IF BUG PRINT*. 'STABILITY=', ISTABIF (DEUC) PRINT*. 'MIX DEPTH--% DEPTH

IF(DEUG) PRINT*, 'SRC HEICHT- '. ZSOtRC
IF (DEUB) PRINT*, 'SRC STR=CnflI', QSOURC

C
C OUFT NON-ZERO CONCENTRATIONS

DO 3350 IHOUR=0,NHOUR-1
PRINT *,'HOUR NO. ', IHOUR
DO 3350 II=0 .NRCPTX

DO 3350 JJ=o ,NRCPTY
IE (CONCEN(IIJJIHOUR).EQ.0. 0) O TO 3350
PRINT *, RCPTRX(II).RCPTRY(J) ,CONCEN(II,JJ. IHOUR)C

C -------------------- TO WRITE OUTPUTS TO LOGICAL UNIT 15---------------
C WRITE (15,6002) IHOUR,RCPTRX(II),RCPTRY(JJ),CONCEN(IIJJIHOUR)
C6002 FORMAT (15,3E15.3) 9..
C-----------------------------------------------------------------------C .. . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . .. . '

3350 CONTINUE
IF (.NOT. DBUG) GO TO 3357
PRINT 6000
DO 3353 I=0,NOPUFF

SIGY=ALPHAY (ISTAB)*(PFFPAR (I,2) **0.9)
SIGZ=ALPHAZ (ISTAB)* (PFFPAR (I,1) **GSIGZ(ISTAB))
PRINT 6001, 1, (PUFINT(I,),J=0,4),PFFPAR(I,0),

* SIGZSIGY
3353 CONTINUE
6000 FORMAT ('0 PUFF ID',3X,'MAXMIX',7X,'X',9X,'Y',SX,'Z'.

* 8X, AGE'.5X, 'AONT'.5X, 'SIGZ',6X, 'SIGY')
6001 FORMAT (5X,13,1X.8FI0.0)
3357 CONTINUE

RETURN
END
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SUBROUT N EHT(RHS. XRHS)
C-------------------------------------------------------------------------------
C CALCULATES HEICiTI ABOVE LOWEST PTr. )MES-- ACtlUAL lirS. RHS=RELATIVE HTS.
C FILES FROM ENDLICH MODELS ARE IN CM--CODE MOIFICATIONS MAY BE REQUIRD FOR
C USE WITH OMlER MODELS.

PARAMETER (INDX=9, INDY=9) -

DIMENSION XRHS (0:INDX,O:INDY. 2) .RHS( : INDX. 0:INDY. 2)
ZMIIN1.E9

C
C FIND LOWEST HiT.
C

DO 50 IX=0,INDX
DO 50 IY--O,INDY

224IN=AMINI (7J41N. XRHS (IX, IY. 1))
50 CONTINUE

C
C GET RELATIVE HIS & CONVERT TO METERS (FROM CM)
C

DO 100 IX-0,INDX
DO 100 IY0.,INDY

RHB (IXIyl)I = (XRuAS (IXIY'l MTIN /10.0
RHS1 (IX, IY 2)= (XCR1S (IX, IY, 2) -Z4IN /100. 0
IF(RHS (IXI,2) .LE.RHS(IX, Y1)) STOP 'TIOP UNDER SEC'

100 CONTINUE
RETURPN
ENDJr

C

C
SUBRUTINE VIRTIL (I STAB, SL)DITCE

!NTEGER. SL
PARAMETER (MXNP=199,GSYINV=1 .0/0. 9,NEIC24=9,NRCPTY=2O.NRCPTX=20)
COMM4ON /wiNDoB/ NOPUFF, NEuNCT,DEPTH. NWINDS. DOTP (0:NEIC4),

* DOTX((0:1,0:NEIGN)
COMM4ON /PFFCON/ PUFINT (:MXNPF,0:4) PFA(:4NF02.SA4

* ~~CONCEN (0:NRCPTX.O 0 RTY05),,GSIGZ(6),
* ALPHAZ (6),ALPHPAY(6),FEXP (0:90),RCPTRX(0:NRCPTX).
* RCPTRY (0:NRCPTY),XRCPO. YRCPO

GWz=S'?IGZ(STAB)
DO 2950 LL=0,NOPUFF

* C
*C GET SIG-lAS FOR PAST STABILITY CLASS (SL)

C*.

* C SIGZ=ALPHAZ (SL) t (PFEPAR(LL, 1) **GSIGZ(SL))
SIGY=ALPHAY (SL) *(PEEPAR ILL, 2) 0.9)

C
C USE SICMAS TO CALCULATE VIRT TRVL (M) FOR NEW STAB. CLASS (ISTAB)
C

PFFPAR (L. 1 l= (SIGZ/ALPHAZ (ISTAB)) **GSZIWV
PFFPAR (LL, 2) =SIGY/ALPHAY (ISTAB) * *GSYINV

* 2950 CONTINUE
* C
*C SAVE LAST STABILITY CLASS

C
SL-I STAB

2970 RETURN
END
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SURUIEWIND (XX. YY, ZZU1.U2,U3) CL IhPEIUL

C CALCULATED WIND- -CALCULATES WIND IFNED.

LOGICAL LOUTYL. DBUG, FIRST
PARAMETER (ID-INDY-9. 1VZ5.lGN9
COMMONt /WINDOB/ NOPUFF. NFUICT, DEPTH, WINDS, DOTP (0: WEIGH),-

* ~DOTXf:1,0:NEICGfl
OMMON /WDEFWD/ =NUV0NDX0:IJDY. 0: INDZ. 0:2), PAE

*PRECALlo -INDX, 0: INDY,0: 1,0: 2.0: NEIGH) ,
R 0: NDX. 0: INY. 2),.X(RIQI. YCRI(GNZCRICNi

CO /LOGES/ .DOW0
C
C SET OUT OF BOUNDS FLAG & GET HfT RELATIVE TO SEC.
C

CALL INDXY (XX. YY.LX. LY. LOIFIL)
IF (OILO TO2500
1Z=6.0. (ZZ-Rfl (LXLY. 1)) /P=J~(LXLY2) -PS(LX.LY, 1))

IFLZ. GY.5) LZS
LZ .LT0

FRUALSE.

C-

IF (NUWLLY LZ. 2j.EQ.YORIQI) THEN

FIRST--.IIWE.
END. IF

6000N F NTST ARE C/0MIUELL(IDS.1.F0

cFDI0.N.FRT RN 00 XL.ZU.2J

50 RURN
_= Lx YZ,0

U2 1x
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SUBROUTINE WINDDO
PARAMETER (INDX=9, INDY=9, INDZ=5, NEIGN=9)

C IDENTIFIES FILE (IREAD) ACCORDING TO MIXING DEPTH (DEPTH)
C READS APPROPRIATE SET OF PRECALCULATED WIND FIELD SOL'US
C
C IXIYIZ =LOCATION GIVEN
C HIPUFF =HEIGHT OF PUFF IN METERS
C DEPTH =MIXING DEPTH IN METERS
C NFUNCT =NO. OF EIGENVECTORS TO BE USED.
C NYLRS = NO. OF LAYERS, STARTING WITH THE GROUND=1
C NSTA = NO. OF STATIONS HAVING WIND DATA
C NTYPE = NO. OF TYPES OF SOLUTIONS e. . DAY/NITEINDX.INDY,INDZ = DIMENSIONS OF GRID IZE USED IN XY AND Z DIRECTIONS
C NFILES = NUMIBER OF FILES TO READ
C XRHS = GEOMRIC HEIGH:T ABOVE TERRAIN
C RES GEOMETRIC HT ABOVE ME LOWEST PT IN THE DOMAIN.
C------------------------------------------------------------------------------- p
C INPUTS FROM ENDLICI'S MODELS ARE IN CM/SEC AND NEED TO
C BE CONVERTED TO METERS/SEC.--CODE MODIFICATIONS MAY BE REQUIRED IF
C OTHER MODELS ARE USED.
C -----------------------------------------------------------------------------
C

DIMENSION XR (O:INDX,0:INDY,2)
Co040mN /WINDOB/ NOPUENFMCT,DEPTH. NWINDS,DOiTP(0 :NEI),.

DOX01,0:NEION)COMHMON /WND)ETJ)/ WNDUV(0:IN )X.0:IND)Y,0:IMWZ,0:2),GSPACE,
$ ~~PRECAL(0 : lN X, 0: INDY,0 :I, 0 :2, 0:NEICINo ...,

RBS(0:INDX,O:INDY,2),XORIGN,YORIGN, ZRIGN
COMMON /LOGES/ TLo DBUG

LOGICAL DBUC.LW TL -
INTEGER DI"
DATA LAST/o/

C
C NFUNC - NO. OF EIGENVECTIORS TO BE USED
C GETTING ID OF FIZE THAT CORRESPONDS MOST CLOSELY TO MIXING I-TH
C AND 7EN READING SOL'NS IF DEPTH CLASS CHANGED IN PAST HR.CL

CALL FILEID (IREADDEPTH)
IF (LAST.EQ.rREAD) 00 TO 200
DO 100 K=0,NFUNCT

READ (IREADo 9091) JSITE, IV, DI AVIHK, :I;LFAC
C
C IV=K=0 FOR MEAN
C IV=NEIQN+I OR K=1 FOR MOST VARIANCE _--
C IV=NEIGI OR K=2 FOR 2ND "
C ETC ETC
C

IF (DBUG) PRINT*, 'PRECAL ETC FROM WI.-DO'
IF BUG~ PRINT' " JSITE. VDN,AVTHK, SLFAC',KIF (DBUG) PRINT 9091,JsI'E, IV, DNI, AVTHK, SLFAC

READ(IRfAD. 9092) (((PRECAL(,,,0,10,
$ PRECAL (I,J,

PRECAL 1,J,0,2,
-XRHS(I, J..) ,J=0,INDY) ,I=0,INDX)

IF(DBUG) PRINT 9093, (((ECAL (I,J,0,0,,K)
PRECAL (I, J,,1 ) INDY) I= 0INDX)

READ(IREAD,9092) (((PRECAL (J.1,0, ,$. ~PRE, (IJ, 1, 1,, ~~~~PRCAL 1,. J, 1. 2. : ::--

110

o o - .. -. •



XRHS(I. J,2)).J=0,INDY),I=0.INDX)

IF(DBUC) PRINT 9093. (((PRECAL (I J,..0K).
100 ~PRCAL(I,J.,1.IK)),J=O.INDY),I=,INDX)

I0 (LAST.Q ) CALL REIHTr(RHS, XRHS)
9091 FORMAT (1X,I4,2I5,F1O.0,F5.1)'.
9092 FORMAT (8F10. 2)
9093 FORMAT (lX.10(2E5.0,2X))

RETURN
END

C

FUNCTION WINDIR (WD)
PARAMETER (DEG2R=-0 .0174533)

C
C CONVERTS WIND DIRECTION IN METEOROLOGICAL CONVENTION TO MATH!
C ANU.E NOTATION IN RADIANS
C

WINDIR- (270 .- WD) *DEG2R
RETURN
END

C -

- ~ ~ ~ ~ SBOIN WNDBAD.tuu~~uV~ ~'
PARAMETER (INDX=9 INDY=9TIN-%,.NEIGNI=9)
DIMENSION WNDUVW (0:INDX,0:INDY,0:INDZ,0:2)

C
C W COb1PONDIT SET TO YORIQI IN ORDER TO IDENTIFY CELLS
C FOR win Ci WIND HAS NOT YET BEEN CALCULATED.
C

DO 3050 I=0,INDX
DO 3050 J=0,INDY

DO 3050 K=0.INDZ

3050CONTNUEWNDUVW (1, J,KX, 2) =YORIGH
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Appendix C

SAMPLE PROBLEMS
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1. Sample Problem with Spatially Uniform Winds

This example uses artifical eigenvector and wind field solutions that

generate winds that are uniform in space, but can change with time. The
following eigenvector file is read from logical unit 11:

EIGENVECTOR INPUTS FOR SAMPLE PROBLEM 1

0
0.00 0.00
0.00 0.00
0.03 0.00

10
0.00 100.
0.00 0.00
0.00 0.00

9100. 0.00

0.00 0.00

The first group of numbers causes the mean u's and v's at the 3 locations (two

stations and an upper level wind) to be zero. The next set of numbers will
(when used with the solution sets given below) cause the u and v components
from the first station to be used throughout the three dimensional field. The
corresponding solution sets are shown below. The first file contains dummy
solutions for a 1000 meter deep layer (100000 cm); it will be read from
logical unit 21. The second file is for a 2000 m deep layer and Is read from
unit 22.

The interactive inputs are shown after the two solution files. The

outputs from this sample run follow. Figure 1 shows graphical outputs
obtaining from an NCAR routine.

2. Sample Problem Using Spatially Varying Wind Fields

This example is based on some results provided by Endlich. The input

eigenvectors were obtained from data collected in the Goodenoe Hills region of

the State of Washington. The first set of solutions is for an average mixing
depth of about 600 m. The results were obtained from runs of a mass-

conserving model. The second set of results has been synthesized from the
first by simply increasing the mixing depth. The input files, the interactive I'

inputs and the outputs for this example are given on the following pages.
Figure 2 shows the graphical output.

115



EIGENVECTOR INPUTS FOR SAMPLE PROBLEM 2

*231.34 68.89
37.39 72.13

220.68 -147.67
174.68 -24.78

*1027.02 -530.07
10

-20.61 -5.43
-7.41 -4.91

-14.22 6.77
-5.21 0.47

-93.51 21.15
9

34.C2 -15.01
-0.10 -22.52
19.54 -8.31
16.46 -17.55

-27.96 -79.37

22.65 -22.08
46.91 -50.71
39.16 -27.88
-3.64 -7.96
-2.89 42.60

7
30.61 -15.48

-27.14 32.29
-7.77 0.91
-28.79 3.24
-8.43 22.63
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FIRST WIND SOLUTION FILE (LU=21) FOR SAMPLE PROBLEM 1

99 0 9 10000C. U~.9
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0. 00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0:00 0:00 0:00 0.00 0.00 0.00 0.00 0.00

000.0 00 .1 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.0: 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

* '0.00 0.00 0.00 0.05 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00- -

0.00 0.0C 0.00 0.00 0.00 0.00 0.00 0.00.
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.03 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.0) 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.001
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 100000. 0.00 0.00 0.00 100000. .

0.00 0.00 0.00 100000. 0.00 0.00 0.00 100000.
0.03 0.00 0.00 100000. 0.00 0.00 0.00 100000.
0.00 0.00 0.00 100000. 0.00 0.00 0.00 100000.
0.00 0.00 0.00 100000. 0.00 0.00 0.00 100000.
0.00 0.00 0.00 100000. 0.00 0.00 0.00 100000.
0.00 0.00 0.00 100000. 0.00 0.00 0.00 100000.
0.00 0.00 0.00 100000. 0.00 0.00 0.00 100000.
0.00 0.00 0.00 100000. 0.00 0.00 0.00 100000.
0.00 0.00 0.00 100000. 0.00 0.00 0.00 100000.
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7%..

0.00 0:00 0:00 100000. 0.00 0.00 0.00 100000.
0.0 00 .0 100000. 0.00 0.00 0.00 100000. r

0.00 0.00 0.00 100000. 0.00 0.00 0.00 100000.
*0.00 0.00 0.00 100000. 0.00 0.00 0.00 100000.

0.00 0.00 0.00 100000. 0.00 0.00 3.00 100000.
0.00 0.00 0.00 100000. 0.00 0.00 0.00 100000.
0.00 0.00 0.00 100000. 0.00 0.00 0.00 100000.
0.00 0.00 0.00 100000. 0.00 0.00 0.00 100000.
0.00 0.00 0.00 100000. 0.00 0.00 0.00 100000. F

*0.00 0.00 0.00 100000. 0.00 0.00 0.00 100000.
-0.00 0.00 0.00 100000. 0.00 0.00 0.00 100000.

0.00 0.00 0.00 100000. 0.00 0.00 0.00 100000.
0.00 0.00 0.00 100000. 0.00 0.00 0.00 100000.

*0.00 0.00 0.00 100000. 0.00 0.00 0.00 100000. .

-0.00 0.00 0.00 100000. 0.00 0.00 0.00 100000. .'F

-0.00 0.00 0.00 100000. 0.00 0.00 0.00 100000.
-0.00 0.00 0.00 100000. 0.00 0.00 0.00 100000.

0.00 0.00 0.00 100000. 0.00 0.00 0.00 1000000
*0.00 0.00 0.00 100000. 0.00 0.00 0.00 100000.

0.00 0.00 0.00 100000. 0.00 0.00 0.00 100000.
0.00 0.00 0.00 100000. 0.00 0.00 0.00 100000.
0.00 0.00 0.00 100000. 0.00 0.00 0.00 100000.

*0.00 0.00 0.00 100000. 0.00 0.00 0.00 100000.
-0.00 0.00 0.00 100000. 0.00 0.00 0.00 100000.

0.00 0.00 0.00 100000. 0.00 0.00 0.00 100000.
0.00 0.00 0.00 100000. 0.00 0.00 0.00 100000.
0.00 0.00 0.00 100000. 0.00 0.00 0.00 100000.

-0.00 0.00 0.00 100000. 0.00 0.00 0.00 100000.
0.00 0.00 0.00 100000. 0.00 0.00 0.00 100000.
0.00 0.00 0.00 100000. 0.00 0.00 0.00 100000.
0.00 0.00 0.00 100000. 0.00 0.00 0.00 100000.

-0.00 0.00 0.00 100000. 0.00 0.00 0.00 100000.
0.00 0.00 0.00 100000. 0.00 0.00 0.00 100000.
0.00 0.00 0.00 100000. 0.00 0.00 0.00 100000.
0.00 0.00 0.00 100000. 0.00 0.00 0.00 100000.

*0.00 0.00 0.00 100000. 0.00 0.00 0.00 100000.
-0.00 0.00 0.00 100000. 0.00 0.00 0.00 100000.

0.00 0.0 0.0 10000. 0.0 0.0 0.0 10000'A'
0.00 0.00 0.00 100000. 0.00 0.00 0.00 100000.
0.00 0.00 0.00 100000. 0.00 0.00 0.00 100000.

99 2 9 100000. 0.9
-0.00 100.00 0.00 0.00 0.00 100.00 0.00 0.00

*0.00 100.00 0.00 0.00 0.00 100.00 0.00 0.00
*0.00 100.00 0.00 0.00 0.00 100.00 0.00 0.00
*0.00 100.00 0.00 0.00 0.00 100.00 0.00 0.00

*0.00 100.00 0.00 0.00 0.00 100.00 0.00 0.00
0.00 100.00 0.00 0.00 0.00 100.00 0.00 0.00
0.00 100.00 0.00 0.00 0.00 100.00 0.00 0.00
0.00 100.00 0.00 0.00 0.00 100.00 0.00 0.00
0.00 100.00 0.00 0.00 0.00 100.00 0.00 0.00

*0.00 100.00 0.00 0.00 0.00 100.00 0.00 0.00
*0.00 100.00 0.00 0.00 0.00 100.00 0.00 0.00
*0.00 100.00 0.00 0.03 0.00 100.00 0.00 0.00
*0.00 100.00 0.00 0.00 0.00 100.00 0.00 0.00

0.00 100.00 0.00 0.00 0.00 100.00 0.00 0.00
-0.00 100.00 0.00 0.00 0.00 100.00 0.00 0.00

0.0 100 .0 0.00 0.00 100.00 0.00 0.00
-0.00 100.00 0.00 0.00 0.00 100.00 0.00 0.00

0.00 100.00 0.00 0.00 0.00 100.00 0.00 0.00
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*C.Cc 1CC.CC C dG( C.Cc C.cc I&(..CC Ce Ace k.

C.C lc.GC C dc CCc . C 10(.CC C CC (.CC
*C.Cc 1GC.CC C I'C C.Co C.CC I G-. CC C .C C (.CC 'a

c.Cc C.cc C a('( C*.c0 c.cc loc .cc C.Cc (..CC
C.Cc &C.CC COCC C.Co C.CC loc-.cc C.CC (.CC
C.Cc 10C.CC C .cC C.Cc C.CC 10('.CC C.CC (.CC
C.CC IGC:CC CC( C:CO C.CC 10C:.CC CAC(C
.C- . ~CCC iGC:CC C AcCCC C.Cc lcc .CC

C.c lcc C .c C.CC lc 0. cc CAC (.CC
C.Cc 1GC.Cc *CEcC C.Co C.CC 10c.CC CiCC C.C
C.CC 1Gc.OC C Ac c-.CC C.C 1GC.CC COcc C.,Cc
C.CC IG(.CC (C C.Co C.Cc 1oc.CC CiCC (~.CC
C.CC 10040C C 46C C.Cc CGCc GOe.cc cdcc .Cc
C.c C 1C(.CC C A( C.Co C.cc lc 0. cc 0jCC (.CC
1.Cc IG(.CC *CdG( *.Cc C.CC 1oCI.CC C dC C (.CC
0.cC 1OC.CC *CACC C.CO C.CC 10(.Cc CdCC C.CC
C.CC 1G(.CC *CAC c. Cc C.CC 160.CC CICC (.CC
C.CC 1GC.CC -C (a( .(.Cc C.C loc-.CC CjCC (.CC
*C.CC GC(.CC Cdc C. cc C.CC 10C:.CO CdCC (.CC -

*C.CC 1GC'.CC -CAC C.CC C.GC ioc.cc C OCC (.CC
C.CC 1G(.CC C A~c C.CC C.Cc IOC*.CC cdcC C. .cc
C.CC 1OC.CC c *C .CC C.CC loc.t.Cc CJCC ('.CC
C.CC oc(.CC C do( C.Cc C.CC 10(:.CC CAC (.CC
C.CC 16C'.CC CdinC C.CC C.CC loc..Cc C 0C C C.CC
C-CC 1&(.CC C C C.CC C.OCc c 0. cc C JCC (.CC
C.CC .1OC.CC C dOC C.CC C.CC IGC.CC Cd~C C*.CC
C C c IG(.CC CECC C.Co C.QC uoc.cc cicc (.CC

CC.CC locAcC CACC ICCGCO. CC.CC loc..CC C.CC 1CCG(.
CCrcC 1Gt.CC C.CC 1QCCCC. CC.CC CL.CC CiCc ICCO0C.

CC.GC 1G(.GC Cacc COCCC. CC.GC 1&(.CC CACC ICCOO(.
cc.C'C 1oC.CC CafiC 1CCO(C. CC.CC 1oC. cc C.Cc 1CCG~c.
Cc.cC 1C(.OC C.CC IcCCC. CC.0C 1G(.Cc C.Cc $CC0OC.
co.CC lac.cc C doc ICCOCC. cc.cc 16C .cc c.Cc iccGGc .
CC.cc 1G(.0c c.CC IcCCC. CC.GC lo .Cc Cicc iccooc.
cc.CC *10c.cc C ifcC 1CcGCC. CC.GC t.cc C.Cc IC coo(
CC.CC 10(.OC CEC ICOCC. CC.CC IG(.CC C.cc ICCOO(.
CC.cc *1OC.CC CAC 1CCGCC. CC.CC 10CI.CC CICC, ICCOOc.
CC.CC 1c(.CC CACC ICC&EC. CC.CC IGc .CC C.Cc ICCOGE.
CC.CC IOE.CC cioc ICOGCO. MCCC 1GC .C .C.CC lCCOCIc.
CC.Cc 1C .0C C CC~ 1CCCC. CC.GC Gc(.GC C.Cc ICCOOC.
CCC cc ocoCC CjOC 1COOCC. C C. c C 0C(.Cc C.Cc ICCOGE.
CC-CC IGc(.cc C.AC 1COCEC. CC.CC 16(.CC CaCC AccoOc.
C CAC 1OC.CC CMC ICCOCO. CC.&( 1GC.CC CaCC ICGC.
CC.CC 1C(.CC Cd.C 1CCCCC. CC.C'C IG(.GC C.Cc 1CCMC.
OC.CC IOC.CC C iOC 1000CC. CC.CC 1oC.CC CiCC iccooC.
CC.CC 1C(.06 CIGC ICCCC. C C. CC 1G(.CC C Ac SCCCC(.
(ClC. 1oC.Cc Cicl ICCOCC. CC.CC 100.CC C:CC I(CoO.
CC.CC 1Ct..cc CA(C ICCCCC. CC.CC IG(,.CC C.CC l CC.
CO.CC 1CC.CC C doC 1CC0CC. CC.CC loc-.CC C 1C C ICOGOC.
CC.CC 1C(.CC CAGC ICC&CC. CC.CC IG(..Cc C.Cc I(CC.
CC.CC 1oC.CC CdOC 1COCC. CC.GC 10C'.cc CACC WOOGC.
CC.CC l0(.oc C.CAC 1COGCC. CC.CC Gc(..OC C.Cc ICCGCC.
CC.CC 10C.CC C.Cc ICCOCC. CC.CC IQC..CC C.Cc ICCOGC.
Cc.CC Icc(.CC cC CC iCCCcC. CC.CC c 0. cc C.Cc sccccIz.
c.cc iOC.Cc C do( 1000CC. CC.CC 0Ct.CC C dCC 1CCCJGC .
CC.CC 1G(.GC (ACC 1CC&CC. CC.CC WG.Cc C.CC I(CCC.
CC-CC 10C.CC C .0C 1000CC. CC.CC loc..CC CjC C 1(COC .
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00.0 10.00 .00 10000. 0.00 10000 000 0000. l

00.00 100.00 0.00 100000. 00.00 100.00 0.00 100000.
00.00 100.00 0.00 100000. 00.00 100.00 0.00 100000. -

00.00 100.00 0.00 100000. 00.00 100.00 0.00 100000.
00.00 100.00 0.00 100000. 00.00 100.00 0.00 100000.
00.00 100.00 0.03 100000. 00.00 100.00 0.00 100000.
00.00 100.00 0.00 100000. 00.00 100.00 0.00 100000. * ,
00.00 100.00 0.00 100000. 00.00 100.00 0.00 100000.%
00.00 100.00 0.00 100000. 00.00 100.00 0.00 100000.%?
00.00 100.00 0.00 100000. 00.00 100.00 0.00 100000.
00.00 100.00 0.00 100000. 00.00 100.00 0.00 100000.
00.00 100.00 0.00 100000. 00.00 100.00 0.00 100000.
00.00 100.00 0.00 100000. 00.00 100.00 0.00 100000.
00.00 00.00 0.00 100000. 00.00 100.00 0.00 100000.
00.00 100.00 0.00 100000. 00.00 100.00 0.00 100000.
00.00 100.00 0.00 100000. 00.00 100.00 0.00 100000.
00.00 100.00 0.00 100000. 00.00 100.00 0.00 100000.
00.00 100.00 0.00 100000. 00.00 100.00 0.00 100000.
00.00 100.00 0.00 100000. 00.00 100.00 0.00 100000.

99 1 9 100000. 0.91;
100.00 0.00 0.00 0.00 100.00 0.00 0.00 0.00
100.00 0.00 0.00 0.00 100.00 0.00 0.00 0.00
100.00 0.00 0.00 0.00 100.00 0.00 0.00 0.00
100.00 0.00 0.00 0.00 100.00 0.00 0.00 0.00
100.00 0.00 0.00 0.00 100.00 0.00 0.00 0.00
100.00 0.00 0.00 0.00 100.00 0.00 0.00 0.00
100.00 0.00 0.00 0.00 100.00 0.00 0.00 0.00
100.00 0.00 0.00 0.00 10.0 000 0.0 .0
100.00 00 .0 00 0.0 00 .0 00
100.00 0.0 00 .0 100.00 00 .0 00
100.00 0.00 0.00 0.00 100.00 0.00 0.00 0.00
100.00 0.00 0.00 0.00 100.00 0.00 0.00 0.00
100.00 0.00 0.00 0.00 100.00 0.00 0.00 0.00
100.00 0.00 0.00 0.00 100.00 0.00 0.00 0.00
100.00 0.00 0.00 0.00 100.00 0.00 0.00 0.00
100.00 0.00 0.00 0.00 100.00 0.00 0.00 0.00
100.00 0.00 0.00 0.00 100.00 0.00 0.00 0.00 9..

*100.00 0.00 0.00 0.00 100.00 0.00 0.00 0.00
100.00 0.00 0.00 0.00 100.00 0.00 0.00 0.00 .-

100.00 0.00 0.00 0.00 100.00 0.00 0.00 0.00
100.00 0.00 0.00 0.00 100.00 0.00 0.00 0.00
100.00 0.00 0.00 0.00 100.00 0.00 0.00 0.00

*100.00 0.00 0.00 0.00 100.00 0.00 0.00 0.00
100.00 0.00 0.00 0.03 100.00 0.C0 0.00 0.00

*100.00 0.00 0.00 0.00 100.00 0.00 0.00 0.00
100.00 0.00 0.00 0.00 100.00 0.00 0.00 0.00
100.00 0.00 0.00 0.00 100.00 0.00 0.00 0.00
100.00 0.00 0.00 0.00 100.00 0.00 0.00 0.00
100.00 0.00 0.00 0.00 100.00 0.00 0.00 0.00
100.00 0.00 0.00 0.00 100.00 0.00 0.00 0.00
100.00 0.00 3.00 0.00 100.00 0.00 0.00 0.00
15 00.00 0.00 0.00 0.00 100.00 0.00 0.00 0.00

*100.00 0.00 0.00 0.03 100.00 0.00 0.00 0.00
*100.00 0.00 0.00 0.00 100.00 0.00 0.00 0.00 -

100.00 0.00 0.00 0.00 100.00 0.00 0.00 0.00
*100.00 0.00 0.00 0.OC 100.00 0.00 0.00 0.00
*100.00 0.00 0.00 0.00 100.00 0.00 0.00 0.00
*100.00 0.00 0.00 0.00 1400.00 0.00 0.00 0.00

-. 100.00 0.00 3.00 0.03 100.00 0.00 0.00 0.00
100.00 0.00 0.00 0.00 100.00 0.00 0.00 0.00
100.00 0.00 0.00 0.03 100.00 0.00 0.00 0.00
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S0.00 100.00 0.00 0.0 0.0 Ic 00.00 0.00 0.00

0.00 100.00 0.00 0.03 0.00 100.00 0.00 0.00
0.00 100.00 0.00 0.00 0.00 100.00 0.00 0.00
0.00 100.00 0.00 0 .0C 1 0.00 100.00 0.00 0.00
0.00 100.00 0.00 0.00 0.00 100.00 0.00 0.000.00 100.00 0.00 0.03 0.00 100.00 0.00 0.00
0.00 100.00 0.00 0.03 0.00 100.00 0.00 0.00
0.00 100.00 0.00 0.00

0.00 100.00 0.00 0.00 0.00 100.00 0.00 0.00
0.00 100.00 0.00 0.00 0.00 100.00 0.00 0.00
0.00 100.00 0.00 0.00 0.00 100.00 0.00 0.00
0.00 100.00 0.00 0.00 0.00 100.00 0.00 0.00
0.00 100.00 0.00 0.00 0.00 100.00 0.00 0.00
0.00 100.00 0.00 0.00 0.00 100.00 0.00 0.00
0.00 100.00 0.00 0.00 0.00 100.00 0.00 0.00
0.00 100.00 0.00 0.00 0.00 100.00 0.00 0.00
0.00 100.00 0.00 0.00 0.00 100.00 0.00 0.00
0.00 100.00 0.00 0.00 0.00 100.00 0.00 0.00
0.00 100.00 0.00 0.03 0.00 100.00 0.00 O.OC
0.00 100.00 O.OG 0.00 0.00 100.00 0.00 0.00

0.00 100.00 0.00 0.00 0.00 100.00 0.00 0.00
0.00 100.00 0.00 0.00 0.00 100.00 0.00 0.00
0.00 100.00 0.00 0.00 0.30 100.00 0.00 0.00

0.00 100.00 0.00 0.00 0.00 100.00 0.00 0.00
0.00 100.00 0.00 0.00 0.00 100.00 0.00 0.00
0.00 100.00 0.00 0.00 0.00 100.00 0.00 0.00
0.00 100.00 0.00 0.00 0.00 100.00 0.00 0.00
0.00 100.00 0.00 0.00 0.00 100.00 0.00 0.00

0.00 100.00 0.00 0.00 0.00 100.00 0.00 0.00
0.00 100.00 0.00 0.00 0.00 100.00 0.00 0.00

00.00 100.00 0.00 10000. 00.00 100.00 0.00 100000.
00.00 100.00 0.00 10000. 00.00 100.00 0.00 100000.
00.00 100.00 0.00 100000. 00.00 100.00 0.00 100000.

00.00 100.00 0.00 100000. 00.00 100.00 0.00 100000.
00.00 100.00 0.00 100000. 00.00 100.00 0.00 100000.
00.00 100.00 0.00 100000. 00.00 100.00 0.00 100000.
00.00 100.00 0.00 100000. 00.00 100.00 0.00 100000.00.00 100.00 0.00 100000. 00.00 100.00 0.00 100000. .,-
00.00 100.00 0.00 100000. 00.00 100.00 0.00 100000.
00.00 100.00 0.00 100000. 00.00 100.00 0.00 100000.
00.00 100.00 0.00 100000. 00.00 100.00 0.00 100000.
00.00 100.00 0.00 100000. 00.00 100.00 0.00 100000.
00.00 100.00 0.00 100000. 00.00 100.00 0.00 100000.
00.00 100.00 0.00 100000. 00.00 100.00 0.00 100000.
00.00 100.00 0.00 100000. 00.00 100.00 0.00 100000.
00.00 130.00 0.00 100000. 00.00 100.00 0.00 100000.
00.00 100.00 0.00 100000. 00.00 100.00 0.00 100000.
00.00 100.00 0.00 100000. 00.00 100.00 0.00 100000.
00.00 100.00 0.00 100000. 00.00 100.00 0.00 100000.
00.00 100.00 0.00 100000. 00.00 100.00 0.00 100000.
00.00 100.00 0.00 100000. 00.00 100.00 0.00 100000.
00.00 100.00 0.00 100000. 00.00 100.00 0.00 100000.
00.00 100.00 0.00 100000. 00.00 100.00 0.00 100000.
00.00 100.00 0.00 100000. 00.00 100.00 0.00 100000.
00.00 100.00 0.00 100000. 00.00 100.00 0.00 100000.
00.00 100.00 0.00 100000. 00.00 100.00 0.00 100000.
00.00 100.00 0.00 100000. 00.00 100.00 0.00 100000.
00.00 100.00 0.00 100000. 00.00 100.00 0.00 100000.
00.00 100.00 0.00 100000. 00.00 100.00 0.00 100000.
00.00 100.00 0.00 100000. 00.00 100.00 0.00 100000.
00.00 100.00 0.00 100000. 00.00 100.00 0.00 100000.
00.00 100.00 0.00 100000. 00.00 100.03 0.00 100000.-::00.00 100.00 0.00 100000. 00.00 100.00 0.00 100000..""
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SECOND WINO SOLUTION FILE (LU=22) FOR SAMPLE PROBLEM 1

99 0 9 200000. G.9
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.0
0.00 0.00 3.03 0.00 0.00 C.00 0.00 0.0
0.03 0.00 O.0 0.00 0.03 C.00 0.00 0.0 
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.0
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.0
0.00 0.00 0.00 0.00 0.00 0.CO 0.00 0.0

0.0 0.0 0.0 000 000 00 0.00 0.00.0 0.00 0.00 0.00 0.00 0.oo 0.00 0.0
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.0
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.0
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.0
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.0

* 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.0
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.0
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.0 I.

0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.0
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00.00 0.00 0.00 0.00 0.00 0.00 0.00 0.0 -

0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.0
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.0 
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.0
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.0
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.0
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.0
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.0
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.0
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.0
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.0
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.0

0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.0
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.0.0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.0
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.0
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.0
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.0
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.0
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.0
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.0
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.0
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.0
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.0
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.0
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00.00 0.00 0.00 0.00 0.00 0.00 0.00 0.0
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.0
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.0
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.0
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.0
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.0

0.00 0.00 0.00 20000 0.00 0.00 0.00 2000.0
0.00 0.00 0.00 200000. 0.00 0.00 0.00 200000.
0.00 0.00 0.00 200000. 0.00 0.00 0.00 200000.
0.00 0.00 0.00 200000. 0.00 0.00 0.00 200000.
0.00 0.00 0.00 200000. 0.00 0.00 0.00 200000.
0.00 0.00 0.00 200000. 0.00 0.00 0.00 200000.

450.00 0.00 0.00 200000. 0.00 0.00 0.00 200000.
0.00 0.00 0.00 200000. 0.00 0.00 0.00 200000.
0.00 0.00 0.00 200000. 0.00 0.00 0.00 200000.
0.00 0.00 0.00 200000. 0.00 0.00 0.00 200000.

0.00 0.00 0.00 200000. 0.00 0.00 0.00 200000.
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0.00 o.ou 0.00 2000C3. C.Co C.00 0.00 200000.

0.00 0.0C 3.00 200000. 0.30 0.00 0.00 200000.
0.00 0.00 0.00 2000C00. 0.00 C.00 0.00 200000.
0.00 0.00 0.0a 200000. 0.00 0.00 0.00 200000.
0.00 0.00 O.00 200000. 0.00 0.00 0.00 z00000.
0.00 0.00 0.00 200000. 0.00 0.00 200000.

r 0.00 0.00 0.00 Z00000. 0.00 0.00 0.00 200000.
0.00 0.00 0.00 200000. 0.00 0.00 0.00 200000.
0.00 0.00 0.00 200000. 0.30 0.00 0.00 200000.
0.00 0.00 0.00 200000. 0.30 0.00 0.00 200000. .....

0.00 0.00 0.00 ?00000. 0.0 0.00 0.00 200000.

0.00 0.00 0.00 200000. 0.00 0.00 0.00 200000. _____

0.00 000 0.00 200000. 0.00 0.00 0.00 200000.

0.00 0.00 0.00 200000. 0.00 0.00 0.00 200000.

0.00 0.00 0.00 200000. 0.00 0.00 0.00 200000.

0.00 0.00 .00 200000. 0.00 0.00 0.00 200000.

0.00 0.00 0.00 200000. 0.00 0.00 0,00 200000.

0.00 0.00 0.00 200000. 0.00 0.00 0.00 200000.
0.00 0.00 0.00 200000. o.00 0.00 0.00 200000.

0.00 0.00 0.00 200000. 0.00 0.00 0.00 200000.

0.00 0.00 0.00 200000. 0.00 0.00 0.00 200000.

0.00 0.00 0.00 200000. 0.00 C.00 0.00 200000.

0.00 0.00 0.00 200000. 0.00 0.00 0.00 200000.

0.00 0.00 0.00 200000. 0.00 0.00 0.00 200000.

0.00 0.00 0.00 200000. 0.OC 0.00 0.00 200000-

0.00 0.0 00 200000. 0.00 C.00 0.00 200000.

0.00 0.0 0o 0.00 o20000 0.o0 0.00 0.00 200000.

0.00 0.00 0.00 200000. 0.00 o.0o 0.00 200000.

0.00 0.00 0.00 200000. o.O0 0.00 0.00 200000.

0.00 0.00 0.00 200000. o.O 0.00 0.00 200000.

0.00 0.00 0.00 200000. 0.00 0.00 0.00 200000.

0.00 0.00 0.00 200000. 0.00 0.00 0.00 200000.

0.00 0.00 0.00 200000. 0.00 0.00 0.00 200000.

0.00 0.00 0.00 200000- 0.00 0.00 0.00 200000.

0.00 0.00 0.00 200000. 0.00 0.00 0.00 200000.
0.00 0.00 0.00 200000. 0.00 0.00 0.00 200000.
0.00 0.00 0.00 200000. 0.00 0.00 0.00 200000.00000 0.00 200000. 0.00 0.00 0.00 200000.

0.00 0.00 0.00 200000. 0.00 0.00 0.00 200000.

0.00 0.00 0.00 200000. 0.00 0.00 0.00 200000.

99 2 9 200000. 0.90.00 100.00 0.00 0.03 0.00 100.00 0.00 0.0

0.00 100.00 0.0 2000 0.00 0.00 0.00.0.0
0.00 100.00 0.00 000 0.00 100.00 0.00 0.0"-
00 100 0.00 000. 0.00 100.00 0.00 0.0-

0.00 100.00 0.00 0.00 0.00 100..00 .00 0.0
0.00 100.00 0.00 0.00 0.00 100.00 0.00 0.0
0.00 100.00 0.00 0.00 0.00 100.00 0.00 0.0000"

0.00 100.00 0.00 0.03 0.00 100.00 0.00 0.0-

0.00 0.00 0.00 2000. 0.00 0.0

990.00 100.00 0.00 00 0.00 100.00 0.00 0.0

0.00 100.00 0.00 0.00 0.00 100.00 0.00 0.0

0.00 100.00 0.00 0.00 0.00 100.00 0.00 0.0

0.00 100.00 00.00 .00 0.00 100.00 0.00 0.0

0.00 100.00 0.00 0.00 0.00 100.00 0.00 0.0

0.0 0.0 100O00 000 0.0

0.00 100.00 0.00 0.03 0.00 100.00 0.G0 0.0

0.00 100.00 0.00 0.00 0.00 100.00 0.00 0.0

0.00 100.00 0.00 0.00 0.00 100.00 0.00 0.0

0.00 100.00 0.00 0.00 0.00 100.00 0.00 0.0

0.00 100.00 0.00 0.00 0.00 100.00 0.00 0.0
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0.00 100.00 0.0 0.33 0.0C 100.00 0.00 0.0
0.00 1u.O 0.00 0.03 0.00 100.00 0.00 0.0
0.00 10000 0.00 0.00 130.00 0.00 0.0

0.0 1C0 .0 00 .0100.00 00 .
0.00 100.00 0.00 0.03 0.00 130.00 0.00 0.0
0.00 100.00 0.00 0.00 0.00 100.00 0.00 0.0
0.00 1o.00 0.00 0.00 0.00 100.00 0.00 0.0
0.00 100.00 0.00 0.00 0.00 100.00 0.00 0.0

0.00 100.00 0.00 0.00 0.00 100.00 0.00 0.0

0.00 100.00 0.00 0.00 0.00 100.00 0.00 0.0 A
0.00 100.00 0.00 0.00 0.00 100.00 0.00 0.0
0.00 100.00 0o00 0.00 0.00 100.00 0.00 0.0
0.00 100.00 0.00 0.00 0.00 100.00 0.00 0.0
0.00 100.00 0,00 0.00 0.00 100.00 0.00 0.0 1.
0.00 100.00 0.00 0.00 0.00 100.00 0.00 0.o
0.00 100.00 o.0o 0.00 0.00 100.00 0.00 0.0
0.00 100.00 0.00 0.00 0.00 100.00 0.00 0.0
0.00 100.00 0.00 0.00 0.00 100.00 0.00 0.0

0.00 100.00 0.00 0.00 0.00 100.00 0.00 0.0 -

0.00 100.00 0.00 0.00 0.00 100.00 0.00 0.0
0.00 100.00 0.00 0.00 0.00 100.00 0.00 0.0
0.00 100.00 0.00 0.00 0.00 100.00 0.00 0.0
0.00 100.00 0.00 0.00 0.00 100.00 0.00 0.00.00 100.00 0.00 0.00 o.o 100.00 0.00 0.0
0.00 100.00 0.00 0.00 0.00 100.00 0.00 0.0
0.00 100.00 0.00 0.00 0.00 100.00 0.00 0.0
0.00 100.00 0.00 0.00 0.00 100.00 0.00 0.0
0.00 100.00 0.00 0.00 0.00 100.00 0.00 0.0
0.00 100.00 0.00 0.00 0.00 100.00 0.00 0.0
0.00 100.00 0.00 0.00 0.00 100.00 0.00 0.0
0.00 100.00 0.00 0.00 0.00 100.00 0.00 0,0

00.00 100.00 0.00 200000. 00.00 100.00 0.00 200000.
00.00 100.00 0.00 200000. 00.00 100.00 0.00 200000.
00.00 100.00 0.00 200000. 00.00 100.00 0.00 200000.

00.00 100.00 0.00 200000. 00.00 100.00 0.00 200000.
*00.00 100.00 0.00 200000. 00.00 100.00 0.00 200000.
*00.00 100.00 0.00 200000. 00.00 100.00 0.00 200000.

00.00 100000 0.00 200000. 00.00 100.00 0.00 200000.
00.00 100.00 0.00 200000. 00.00 100.00 0.00 200000.
00.00 100.00 0.00 200000. 00.00 100.00 0.00 200000.
00.00 100.00 0.00 200000. 00.00 100.00 0.00 200000.
00.00 100.00 0.00 200000. 00.00 100.00 0.00 200000.

*00.00 100.00 0.00 200000. 00.00 100.00 0.00 200000.
00.00 100.00 0.00 200000. 00.00 100.00 0.00 200000.
00.00 100.00 0.00 200000. 00.00 100.00 0.00 200000.
00.00 100.00 0.00 200000. 00.00 100.00 0.00 200000.
00.00 100.00 0.00 2O0000. 00.00 100.00 0.00 200000. -

00.00 100.00 0.00 200000. 00.00 100.00 0.00 200000.
00.00 100.00 0.00 200000. 00.00 100.00 0.00 200000. 7
00.00 100.00 0.00 200000. 00.00 100.00 0.00 200000.
00.00 100.00 0.00 200000. 00.00 100.00 0.00 200000.

00.00 100.00 0.00 200000. 00.00 100.00 0.00 200000.
*00.00 100.00 0.00 200000. 00.00 100.00 0.00 200000.00.00 100.00 0.00 200000. 00.00 100.00 0.00 200000.

o00.00 100.00 0.00 200000. 00.00 100.00 0.00 200000.
00.00 100.00 0.00 200000. 00.00 100.00 0.00 200000.
00.00 100.00 0.00 200000. 00.o0 100.00 0.00 200000.
00.00 100.00 0.00 200000. 00.0 100.00 0.00 200000.
00.00 100.00 0.00 200000. 00.00 100.00 0.00 200000.
00.00 100.00 0.00 200000. 00.00 100.00 0.00 200000.
00.00 100.00 0.00 200000. 00.00 100.00 0.00 200000.

00.00 100.00 0.00 200000. 00.00 100.00 0.00 200000.-:-'-"
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00.00 100.00 0.00 2C000. 0.00 1)0.00 0.00 200000. *

00.00 100.00 0.00 200000. 30.00 100.00 0.00 200000.
00.00 100.00 0.00 200003. 00.00 100.00 1.00 200000.
00.00 100.00 0.00 2000C0. 00.30 100.00 0.00 200000.
00.00 100.00 0.00 2000CO. 00.00 100.00 0.00 200000.
00.00 100.00 0.00 200000. 00.00 100.00 0.00 200000.
00.00 100.00 0.00 200000. 00.00 100.00 0.00 200000.
00.00 100.00 0.00 200000. 00.00 100.00 0.00 200000.
00.00 100.00 0.00 200000. OC.00 100.00 0.00 200000.
00.00 100.00 0.00 200000. 00.00 100.00 0.00 200000.".
00.00 100.00 0.00 200000. 00.00 100.00 0.00 200000.
00.00 100.00 0.00 200000. 00.00 100.00 0.00 200000.300.00 100.00 0.00 200000. 00.00 100.00 0.OC 200000.
00.00 100.00 0.00 200000. 00.00 100.00 0.00 200000.
00.00 100.00 0.00 200000. 00.00 100.00 0.00 200000,
00.00 100.00 0.00 200000. 00.00 100.00 0.00 200000. .

00.00 100.00 0.00 200000. 00.00 100.00 0.00 200000.
00.00 100.00 0.00 200000. 00.00 100.00 0.00 200000.
00.00 100.00 0.00 200000. 00.00 100.00 0.00 200000.

99 1 9 200000. 0.9
100.00 0.00 0.00 0.00 100.00 0.00 0.00 0.0

*100.00 0.00 0.00 0.00 100.00 0.00 0.00 0.0
*100.00 0.00 0.00 0.00 100.00 0.00 0.00 0.0

oo100.00 0.00 0.00 0.00 100.00 0.00 0.00 0.0
0 0100.00 0.00 0.00 0.00 100.00 0.00 0.00 0.0

100.00 0.00 0.00 0.00 100.00 0.00 0.00 0.0
100.00 0.00 0.00 0.00 100.00 0.00 0.00 0.0
100.00 0.00 0.00 0.00 100.00 0.00 0.00 0.0
100.00 0.00 0.00 0.00 100.0c 0.00 0.00 0.0
100.00 0.00 0.00 0.03 .CO.00 0.00 0.00 0.0
100.00 0.00 0.00 0.03 100.00 0.00 0.00 0.0
100.00 0.00 0.00 0.30 100.00 0.00 0.00 0.0
S100.00 0.00 0.00 0.00 100.00 0.00 0.00 0.0
100.00 0.00 0.00 0.00 100.00 0.00 0.00 0.0
100.00 0.00 0.00 0.00 100.00 0.00 0.00 0.0

* 100.00 0.00 0.00 0.00 100.00 0.00 0.00 0.0
100.00 0.00 0.00 0.00 100.00 0.00 0.00 0.0
100.00 0.00 0.00 0.00 100.00 0.00 0.00 0.0
100.00 0.00 0.00 0.00 100.00 0.00 0.00 0.0
100.00 0.00 0.00 0.00 100.00 0.00 0.00 0.0
100.00 0.00 0.00 0.00 100.00 0.00 0.00 0.0
100.00 0.00 0.00 0.00 100.00 0.00 0.00 0.0
100.00 0.00 0.00 0.00 100.00 0.00 0.00 0.0
100.00 0.00 0.00 0.00 100.00 0.00 0.00 0.0
100.00 0.00 0.00 0.00 100.00 0.00 0.00 0.0

" 100.00 0.00 0.00 0.00 100.00 0.00 0.00 0.0
100.00 0.00 0.00 0.00 100.00 0.00 0.00 0.0
100.00 0.00 0.00 0.00 100.00 0.00 0.00 0.0
100.00 0.00 0.00 0.00 100.00 0.00 0.00 0.0100.00 0.00 0.00 0.00 100.00 0.00 0.00 0.0100.00 0.00 0.00 0.00 100.00 0.00 0.00 0.0100.00 0.00 0.00 0.00 100.00 0.00 0.00 0.0o100.00 0.o 0.00 0.00 100.00 0.00 0.00 0.0 -

100.00 0.00 0.00 0.00 100.00 0.00 0.00 0.0
100.00 0.00 0.00 0.00 100.00 0.00 0.00 0.0
100.00 0.00 0.00 0.00 100.00 0.00 0.00 0.0
100.00 0.00 0.00 0.00 100.00 0.00 0.00 0.0
100.00 0.00 0.00 0.00 100.00 0.00 0.00 0.0
100.00 0.00 0.00 0.03 100.00 0.00 0.00 0.0
100.00 0.00 0.00 0.00 100.00 0.00 0.00 0.0
100.00 0.00 0.00 0.00 100.00 0.00 0.00 0.0

*100.00 0.00 0.00 0.00 100.00 0.00 0.00 0.0
100.00 0.00 0.00 0.03 100.00 0.00 0.00 0.0 -"
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10.0 0. 0.0 0.0 10.0 0.0 0.0.

100.00 0.00 0.0C0 0.00 100.00 0.00 0.00 0.0
100.00 0.00 0.00 0.00 100.00 0.00 0.00 0.0

*100.00 0.00 0.00 0.00 100.00 0l.00 0.00 0.0
*100.00 0.00 0.00 0.00 100.00 0.00 0.00 0.0

100.00 0:00 0.00 0.00 100.00 0.00 0.00 0.0
100.00 0.00 0.00 0.0 10.0 00 0.00 0.0
i 00.00 0.00 0.00 0.00 100.00 0.00 0.00 0.0

*100.00 0.00 0.00 0.00 100.00 0.00 0.00 0.0
*100.00 0.00 0.00 200000. 100.00 0.00 0.00 200000.

100.00 0.00 0.00 200000. 100.00 0.00 0.00 200000.
100.00 0.00 0.00 200000. 100.03) 0.00 0.00 200000.
100.00 0.00 0.00 200000. 100.00 0.00 0.00 200000.
100.00 0.00 0.00 200000. 100.00 0.00 0.00 200000.
100.00 0.00 0.00 200000. 100.00 0.00 0.00 200000.

*100.00 0.00 0.00 200000. 100.00 0.00 0.00 200000.
100.00 0.00 0.00 200000. 100.00 0.00 0.00 200000.
100.00 0.00 0.00 200000. 100.00 0.00 0.00 200000.
100.00 0.00 0.00 200000. 100.00 0.00 0.00 200000.
100.00 0:00 0.00 200000: 000 0.00 0.00 200000.

10000 0.0 .0 2000. 0000 0.00 0.00 200000.
100.00 00 .0 200. 100 .0 00 000
100.00 0.00 0.00 200000. 100.00 0.00 0.00 200000.
100.00 0.00 0.00 200000. 100.00 0.00 0.00 200000.
100.00 0.00 0.00 200000. 100.00 0.00 0.00 200000.
100.00 0.00 0.00 200000. 100.03 0.00 0.00 200000.

*100.00 0.00 0.00 200000. 100.00 0.00 0.00 200000.
100.00 0.00 0.00 200000. 100.00 0.00 0.00 200000.
100.00 0.00 0.00 200000. 100.00 0.00 0.00 200000.

*100.00 0.00 0.00 200000. 100.00 0.00 0.00 200000.
100.00 0.00 0.00 200000. 100.00 0.00 0.00 200000.
100.00 0.00 0.00 200000. 100.00 0.00 0.00 200000.

*100.00 0.00 0.00 200000. 100.00 0.00 0.00 200000.
100.00 0.00 0.00 200000. 100.00 0.00 0.00 200000.
100.00 0.00 0.00 200000. 100.00 0.00 0.00 200000.
100.00 0.00 0.00 200000. 100.00 0.00 0.00 200000.
100.00 0.00 0.00 200000. 100.00 0.00 0.00 200000.
100.00 0.00 0.00 200000. 100.00 0.00 0.00 200000. ,

100.00 0.00 0.00 200000. 100.00 0.00 0.00 200000. .

100.00 0.00 0.00 200000. 100.00 0.00 0.00 200000.
100.00 0.00 0.00 200000. 100.00 0.00 0.00 200000.
100.00 0.00 0.00 200000. 100.00 0.00 0.00 200000.
100.00 0.00 0.00 200000. 100.00 0.00 0.00 200000.

*100.00 0.00 0.00 200000. 100.00 0.00 0.00 200000.
100.00 0.00 0.00 200000. 100.00 0.00 0.00 200000.
100.00 0.00 0.00 200000. 100.00 0.00 0.00 200000.
100.00 0.00 0.00 200000. 100.00 0.00 0.00 200000.
100.00 0.00 0.00 200000. 100.00 0.00 0.00 200000.
100.00 0.00 0.00 200000. 100.00 0.00 0.00 200000.
100.00 0.00 0.00 200000. 100.00 0.00 0.00 200000.
100.00 0.00 0.00 200000. 100.00 0.00 0.00 200000.
100.00 0.00 0.00 200000. 100.00 0.00 0.00 200000.
100.00 0.00 0.00 200000. 100.00 0.00 0.00 200000.
100.00 0.00 0.00 200000. 100.00 0.00 0.00 200000.
100.00 0.00 0.00 200000. 100.00 0.00 0.00 200000. * .

100.00 0.00 0.00 200000. 100.00 0.00 0.00 200000.
100.00 0:00 0:00 200000: 100.00 0.00 0:00 200000:

100.00 .00 0.0 200000 100.00 0.00 00 000
100.00 0.00 0.00 200000. 100.00 0.00 0.00 200000.
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INTERACTIVE INPUTS FOR PROBLEM 1

RECEPTOR SPACINv kM)?

m40d MANY wINC SITES?

oOw MANY EMP. ORTP-. FCTNS?

SOURCE XoYtZ (AbOVE SFC) IN METERS?
0.C0000CE00 C.CCOOOOOE*CO 30.0000C

04OU R?
7

FOR hR FROM 7 TO

MIX MT. (M) t STABIL.?-'NEG. MIX PT TC STCP

900.0000 2
SOURCE STRNGTh (G/S)"

1000.000 -
WIND SPO(M/S) 9 CIR. AT SITE 1 FOR MR 7

1.00000C 270.G00
WIND SPO(M/S) & CIR. AT SITE 2 FOR MR 7

1.000000 270.0000
GRADIENT WINC SPC. (MIS) & DIR. FOR HR. 7?

1.000300 27C.OOCC
WINO SPO(MIS) 9 DIR. AT SITE 1 FOR MR 8

1.00000 27C.0o0
WINo SPO(M/S) & DIP. AT SITE 2 FOR MR 8

1.000000 27.0COF M
GRADIENT WIND SPC. (MIS) I DIR. FOR MR. 8.

1.000000 270.000"
FOR MR FROM 8 TO 9

MIX MT. (M) 9 STAeIL.?'--NEG. 1IX I-T TC STOP

1800.000 4
SOURCE STRNGTh (G/S)?

200.0000
WIND SPO(M/S) & CIR. AT SITE 1 FOR MR 9

2.00000C 315.0000
WIND SPO(MS) & CIR. AT SITE 2 FOR f4R 9

2.000000 315.00CC
GRADIENT WIND SPC. (MIS) 9 DIR. FOR PR. 9"

2.000000 315.00GCC
FOR MR FROM 9 TO 10

MIX MT. (M) & STABIL.?--NEG. MIX MT TO STOP

2200.000 4
SOURCE STRNGTh (G/S)?

2C0.0000
WIND SPD(M/S) & CIR. AT SITE 1 FOR MR 10

2.000000 315.OOOC
WIND SPO(M/S) & CIR. AT SITE 2 FOR HR 10

2.000000 315.0000
GRADIENT WIND SPO. (MIS) & DIR. FOR HR. 10?

2.000000 315.0000
FOR MR FROM 10 TO 11

MIX MT. (M) & STAEIL.?--NEG. MIX HT TC STOP

5CO.0000 5
SOURCE STRNGTP (G/S)?

-- 3C0.0000
WIND SPO(M/S) & DIR. AT SITE I FOR MR 11

3.000000 45.000CO
WIND SPO(M/S) 9 CIR. AT SITE 2 FOR MR 11

3.000000 45.00000
GRADIENT WINO SPC. (M/S) & DIR. FOR HR. 11?

3.000000 45.00000
FOR MR FROM 11 TO 12
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MIX MT. (M) & STAEIL.?--NEG. MIX PT TC STOP

500.GGO#
SOURCE STRNGTl- (/S)?

3C0.0u0C
WIND SPD(MIS) & CIR. AT SITE 1 FOR HR 12

3.ococoG 45.000Go
WIND SPO(MIS) & CIR. AT SITE 2 FOR MR 12

3.00000G 45.00000
GRADIENT WIND SPC. (M/S) L& DIR. FOR MR. 12?

3.000000 45.00000
FOR MR FROM 12 TO 13

MIX hT. (M) & STABIL.?--NEG. MIX OT TO STOP
1000.00o 3

SOURCE STRNGTM (G/S)?
100.0000

WIND SPD(M/S) & CIR. AT SITE 1 FOR MR 13

3.000000 90.00000
WIND SPOCM/S) & CIR. AT SITE 2 FOR MR 13

3.000000 9C.00000
GRADIENT WIND SPC. (MIS) 9 DIR. FOR HR. 13?

3.000000 90.00000
FOR MR FROM 13 TO 14

L.
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INTERACTIVE OUTPUTS FOR SAMPLE PROBLEM 1

HOUR NO. 0
O.OOCOOOOE+O C.OOCO0QO+0C 4.0989104E-05
300.0000 -300.0000 4.4592912E-06
300.0000 C.0CCCO0E*00 0.1215399
300.0000 300.0000 4.4592912E-06
600.0000 -300.0000 6.5945397E-04
600.0000 C.OOCOOOE+00 4.010253E-02
600.0000 300.0000 c.5945397E-04
900.0000 -0oo.0000 1.4345395E-05
900.0000 -300.0000 2.3362250E-03
900.0000 C.OOCOOOOE+OC 2.0100504E-C2
900.0000 300.0000 2.3362250E-03
900.0000 600.0000 1.4345395E-05
120C.000 -5O0.CO00 8.t097720E-07
120C.000 -600.0000 9.1205358E-C5 "-
120C.000 -3c. 00.00 2.9783724E-03 '".

1200.000 C.OOOOOOOE+CC 1.1557194E-02 4-
1200.000 300.OOG 2.97837Z4E-03
1200.000 cOo.0000 9.120535SE-05
120C.000 900.0000 8.e097720E-07
150C.000 -500.0000 7.5220373E-06
150G.000 -600.0000 2.4965761E-04
1500.000 -300.0000 3.0180104E-03
1500.000 C.OOC000E+OC 7.7821C30E-C3
150C.000 300.G000 3.0180104E-C3
1500.000 100.0000 2.4965761E-04
1500.000 O0.cOoo 7.52Z0373E-0o
180C.000 -120C.000 1.071 50OE-06
1800.000 -500.COOO 2.7701275E-05
180C.000 -tOO.0000 4.2142E12E-04
1800.000 -300.0000 2.7560450E-03
180C.000 C.0000000E+0C 5.C388401E-C3
180C.000 300.0000 2.7560650E-03
1800.000 tOO.cO00 4.2142E1ZE-C4
180C.00C 900.0000 2.7701275E-C5 .

180C.000 1200.000 1.0715C00E-06
2100.000 -120C.000 4.2717256E--
210C.000 -900.0000 6.449Oe1E-05
210C.000 -to0.CO0C 5.589t98t-04

210C.000 -300.C000 2.480735 E-03
210C.000 C.0C000lE*+G 4.1019227E-C.-

21C0.000 2Co.0000 2.80735SE-C3
210C.000 tO0.O000 5.5S9d56SE-C4
210C.000 500.0000 e.4490cIOE-C5
210C.00 1200.000 4.2717256E-C6
2400.000 -1500.000 0.0043528E-07
2400.000 -1200.000 1.C673152E-05
2400.000 -900.0000 1.0524C95E-04
240C.000 -00.0000 6.e844C89E-0

240C.000 -300.0000 2.2540255E-03
240C.000 C.0000000E+00 3.3504537E-03
240C.000 300.0000 2.2540255E-03
240C.000 C00.0000 6.6844C89E-0O
240C.000 900.0000 1.0524C95E-04
240C.000 1200.000 1.0673152E-05
2400.000 1500.000 6.8043528E-C7
2700.000 -1500.000 1.674657F-06
2700.000 -1200.000 1.7932e91E-05
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2700.000 -900.0000 1.3834282E-04

N.270C.000 -600.0000 60699MOE-04""

270C.000 -300.0000 1.8354295E-C3
270C.000 C.OOCOOOOE+00 2.5654752E-03 '
2700.000 00.0000 1.6354295E-03
270C.000 too.0000 6.1998OOE-04
2700.000 900.0000 1.3834282E-C4
270C.000 1200.000 1.7932891E-05
270C.000 150C.000 1.074o657E-06
300C.000 -1500.000 2.6516673E-06 .*o-.
3000.000 -120C.000 2.3911922E-05
3000.000 -900.0000 1.5'22027E-C4
300C.000 -tO0.Ocoo 6.0906931E-04
3000.000 -300.0000 1.4423C32E-03
300C.000 C.O000C0E*C0 1.9368917E-C3
300C.000 300.000 1.4423C32E-03
300C.000 eO0.O000 6.0906931E-04
3000.00C 900.0000 1.5422C27E-04
300C.000 120C.000 2.3911922E-05
300C.000 1500.000 2.6516673E-0o

HOUR NO. 1
300.0000 -!00.0000 1.3869529E-02
600.0000 -900.0000 2.4216809E-05
600.0000 -600.0000 1.0559696E-02
600.0000 -300.0000 2.e182262E-06
900.0000 -120C.000 8.4069790E-05
900.0000 -500.0000 ?.9306541E-C3
900.0000 -t0000 4.529595E-04
1200.000 -1500.Coo 1.1634143E-04
1200.000 -1200.000 4.5532910E-03
120C.000 -900.0000 2.6777729E-03
1500.000 -210C.000 2.1632263E-07
150C.o00 -1800.000 1.0396002E-04
1500.00C -1500.000 2.8546C54E-C3
150C.000 -1200.000 4.2721303E-03
150C.000 -900.0000 7.2528914E-05
180C.000 -240C.000 2.5153582E-07
180C.000 -210C.000 5.738071oE-05
180C.000 -180C.000 1.6051946E-03
18C0.000 -150C.000 4.E344992E-03
180C.000 -1200.000 5.7063?70E-O4
180C.000 -,CO.O000 5.47ol114E-07
21OC.000 -24OC.Coo 2.7F3170qE-05
210C.000 -210C.000 8.12201003-04"
210C.000 -180C.COo 3.9779;54E-C3
2100.000 -153C.000 1.526459 E-C3
210C.000 -120C.000 4.d739275E-05
240C.000 -2700.000 8.36228OSE-Go
240C.000 -240C.000 3.G350240E-04
240C.000 -210C.000 2.e385817E-03
240C.000 -1800.000 3.1368e93E-03
2400.000 -150C.000 4.0533504E-04
2400.000 -1200.000 3.0037263E-06
2700.000 -300C.000 1.9880299E-C6 "
270C.000 -270C.000 9.e72lC51E-C,
270C.000 -2400.000 1.1309104E-03
270C.000 -2100.000 3.2357211E-C3
270C.000 -180C.000 1.i508724E-03
270C.000 -1500.000 7.4118937E-05
3000.000 -3000.000 1.8121415E-05

130

... .......... -.............. ,........... ... ... .. ..... ........ ,..... ... .. .. ... ....... .... .... ..... .- . , . ....-:-.

, ". : ..: :-.. - . , .', . . .. .. .. .- .. . . . ., .-. ,-. .'... . . . . .. ... '.,, .-.-.... ,,. .-. ,.. .. -,,. .,-..



3000.000 -2700.000 4.0848547E043000,000 -2400.000 2.3390125E-03 ,

300C.000 -2100.000 2.7836331E-C3
3000.000 -180C.000 5.6779763E-04

3000.000 -1500.000 1.51122.SE-05
HIOUR NO. 2
300.0000 -3Co.G000 1.3769216E-02
o00.000o -900.000 1.1306C39E-04
600.0000 -600.C000 1.1427743E-02
900.0000 -150C.000 2.3146340E-06

900.000G -1200.000 5.3723343E-04
900.0000 -500.0000 7.8289e532-03
900.0000 -00.0000 1.1306C39E-04

1200.000 -180C.C00 2.04767008-05
120C.000 -1500.000 9.$088135E-04
120C.000 -1200.000 5.8960570E-03
1200.000 -$00.GO00 5.37233432-,4
1500.000 -240C.000 1.6687291E-C6 %!
1500.000 -2100.000 7.18383232-05
1500.000 -180C.000 1.1804927E-03

1500.000 -1500.000 4.1370192E-C3
1500.000 -1200.000 9.90881352-04
150C.000 -;00.0000 2.31463402-C6
180C.000 -300C.000 1.1811596E-07
1800.000 -2700.000 6.9976927E-06
180C.000 -2400.000 1.3474283E-04
180C.000 -2100.000 1.3310Q04E-C3
180C.000 -1800.000 3.4382972E-03

1800.000 -1500.000 1.1804927E-03
180C.000 -1200.000 2.0476700E-05
2100.000 -3000.000 1.8314462E-05
2100.000 -2700.000 2.0981474E-"-

2100.000 -240C.000 1.2717173E-03
2100.000 -2100.000 2.7568990E-03
2100.000 -1800.000 1.331"304E-C3
210C.000 -150C.000 7.1838323E-05
240C.000 -300C.000 2.6925668E-04

240C.000 -270C.000 1.1810422c--03 %.
240C.000 -240C.000 2.22393318-C3
2400.000 -210C.000 1.2717173 ,-..

2400.000 -1800.000 1.3474283E-04 ~2
240C.000 -1500.000 1.t687291E-0o
2700.000 -3000.000 1.1672525E-03
270C.CO -270C.OUO 1.8472918E-C3
270C.000 -240C.000 1.18104229-03
2700.000 -ZIGC.CGO 2.098147- E- 04
2700.000 -180C.oo0 6.;976927E-C6
3000.000 -3000.000 1.5004211E-C3
300C.000 -270C.000 1.1672525L-03
300C.000 -240C.000 2.6925668E--04
3000.000 -21C.000 1.83144622-05
300C.000 -180C.000 1.1811596E-07

qOUR NO. 3
-270C.000 -300C.000 5.2660316E-06
-2400.000 -3000.000 6.7348E31E-04 P
-2400.000 -2700.000 1.02617228-04
-2400.000 -240C.000 4.9508103E-06
-210C.000 -3000.000 5.5164658E-03
-2100.000 -270C.000 4.0219431E-03

-2100.000 -Z400.000 1.1767640E-03

131

-... ...-.
:': : ... - .. ... . .. .... .. ... . .. .... ...... .~ ... ...... .......................



S-2100.000 -IOC.000 6.5625543E-05

-1800.000 -300C.000 1.eS6105E-03.
-1800.000 -270C.o00 4.2788C37E-03
-800.000 -2400.000 6.6222251E-03
-1800.000 -2100.000 3. 9531733 E -03
-180C.000 -1800.000 2.5508928E-04
-1500.000 -3000.G00 1.6144C64E-05
-1500.000 -2700.000 7.4041724E-05 ,.

-1500.000 -240C.000 5.3887C46E-0'
-150C.000 -2100.000 4.1954191E-03
-150C.000 -1800.000 7.9165364E-03
-1500.000 -1500.000 1.0153673E-03
-1500.000 -1200.000 6.8185e87E-07
-120C.000 -2100.000 2.1622223E-05
-1200.000 -1800.000 8.2986208E-04
-1200.000 -150C.000 8.2695642E-03
-1200.000 -120C.000 3.860212'E-03
-900.0000 -150C.000 1.C932298E-05
-900.0000 -120C.000 2.2898773E-03
-900.0000 -900.0000 5.1213251E-03
-600.0000 -00.0000 .6873C68E-'.
-600.0000 -600.0000 6.4084125E-03
-300.0000 -300.0000 5.0510653E-03
HOUR NO*
-3000.000 -3000.000 5.3017167E-C3
-300C.000 -270C.000 1.0987022E-03
-3000.000 -2400.000 4.0536083E-00
-270C.000 -3000.000 1.0987022E-03
-270G.000 -2700.000 6.2017418E-03
-2700.000 -2400.000 6.1681402E-04
-270C.000 -210C.000 4.1324125E-07 '
-2400.000 -3000.000 4.0536083E-06

-2400.000 -2700.000 8.1681402-9-04
-240C.000 -2400.000 6.5416615E-03
-240C.000 -2100.000 5.6641991E-04
-2100.000 -2700.000 4.1324125E-07
-210C0.000 -240C.000 5.tO41991E-04
-210C.000 -2100.000 7.0519C42E-C3
-2100.000 -180C.000 2.92032782-04
-180C.000 -2100.000 2.920327SE-04
1800.00 -180C.000 7.3660533E-C3
-1800.000 -150C.000 1.C930531E-C4
:1500o000 -1600.000 1.0930931E-04
-1soC.O00 -1500.000 7.9320269E-03

-150C°000 -120C.000 1.S0314C9E-05
-120C.000 -150C.003 1.i331409E-C5
-1200.000 -120C.000 7.7571E60E-C3
-900.0000 -500.0000 6.1894125E-C3
-oO0.0000 -tOo.0000 4.74GE459E-03
HOUR NO. •

-300C.000 -1500.000 2.3354420-C7.
-3000.000 -120C.000 3.8028197E-06
-3000.000 -9Co0.o000 3.7929C83E-05
-300C.000 -600.CO00 1.C636C04E-C4
-300C.000 -300.0O0O 2.5618740E-C4
-3000.000 C.OOCOOOOE+GC 1.2025906E-0
-300C.000 300.G00 1.5757696E-05
-3000.000 400.0000 6.3537t64E-07
-270C.000 -150C.000 1.5941145E-Oe
-270C.000 -120C.000 1.0907934E-06
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-270C.000 -900.0000 1.9492374E-C5
-27C0.000 -0O.0000 1.3639490E-04
-2700.000 -300.0000 3.0719966E-04
-2700.000 C.OOOOOOE+00 1.6651506E-04
-2700.000 300.0000 1.8840337E-05
-2700.COO 00.G000 5.1259138E-07
-240C.000 -1200.000 1.7081C88E-07
-240C.000 -900.0000 7.0833871E-06
-2400.000 -eO.0000 1.0008182E-04
-240C.000 -300.0000 3.6898456E-04
-240C.000 C.OOCOCOOE 00 2.3847843E-04
-240C.000 300.0000 2.3248505E-05
-240C.000 t00o 00oo 3.E287eO7E-07
-2100.000 -900.0000 1.e6438S2E-Oe
-2100.000 -eOO.000 5.575569oE-05
-2100.000 -300.0000 3.9303C79E-04
-210C.000 C.O000GGOE 00 3.3935244E-04
-2100.000 300.0000 2.8948C47E-05 Vo
-210C.000 600.0000 2,4422511E-07
-1800.000 -900.0000 1.6376549E-07
-180C.000 -eOG.G000 1.5398C94E-05
-1800.000 -300.0000 3.6728318E-04
-1800.000 C.OOCOCOOE+OC 5.1807280E-04
-180C.000 300.0000 3.2400396E-05
-180C.000 O0.0000 8.3304762E-C8
-1500.000 -600.0000 3.6264360E-C6
-1500.000 -!00.0000 2.9707851E-04
-1500.000 C.OOCCCOOE000 6.6875864E-04
-150C.000 300.0000 2.4088588E-05
-1200.000 -tOO.O00C 2.6448478E-07
-1200.000 -300.0000 1.947ZC46E-04
-1200.000 C.OOCCO0OE+00 9.4999908E-04
-12CC.000 300.C00 1.0736760E-05

-900.0000 -300.0C 7.3852345E-05
-900.0000 C.OOCGOOOE+00 1.13285OE-03
-900.0000 300.GO0 2.1092014E-06
-600.0000 -300.0000 3.22629o3E-06 .-
-000.0000 C.OOCGOOOE+00 2.6875243E-03
-300.0000 C.OOCOOOOE+CO 4.q414118E-C3
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CONTOUR FROM 0. OO00 E+00 TO 0. 136D E-01 CONTOUR INTERVAL .OF 0.800 0E-03 PT (3.31= .OOOOOE .00 UALS SCALED BY 10000. 7 7

FIGURE 4(b) GRAPHICAL OUTPUTS FOR SAMPLE PROBLEM 1 (continued)
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CONOURFRO 0 OOOOE00TO . 16OE-0 COTOU ITERAL F . 800D-0 PT(3.3) . OOOE+0 L43ES SALD B 1000

FIGRE (c)GRAHICL OTPUS OR AMPE POBLM 1(cotined
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CONTOUR FROM O.OOOOOE.OO TO 0.8OOOOE-02 CONTOUR INTERVAL OF O.50000E-03 PT13.3): O.49508E-OS LABELS SCALED BY 0. 10000E+06

FIGURE 4(d) GRAPHICAL OUTPUTS FOR SAMPLE PROBLEM 1 (continued)
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FIGURE 4 (f) GRAPHICAL OUTPUTS FOR SAMPLE PROBLEM (concluded) -
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FIRST SOLUTION FILE (LU=21) FOR SAMPLE PROBLEM 2

p°o'..

10 0 2 60000. 0.6
431.87 -197.99 0.00 2191.24 455.0c -212.12 0.00 2125.d9
450.80 -224.79 0.00 1916.68 441. 4 -227.25 0.00 1846.45
449.31 -233.96 0.00 1961.C6 456.91 -241.77 0.00 2082.49
472.17 -231.50 0.00 2222.94 472.o,. -260.84 0.OC 2462.88 .1.
461.54 -252.21 0.00 2820.35 456.59 -240.91 0.00 2927.15
423.02 -197.25 0.00 2367.78 415.40 -219.6o -5.3C 2350.71
391.07 -240.43 -5.43 2083.95 398.7o -233.18 -6.34 2098.10
418.07 -240.56 -7.18 2239.52 425.36 -248.43 -4.98 2275.61
432.90 -246.00 -3.03 2524.82 472.77 -248.69 -13.18 2775.48
483.04 -282.44 -0.42 2623.33 465.69 -252.38 0.00 2912.03
444.29 -199.85 0.00 2496.53 425.42 -237.29 -1.79 2214.65
395.93 -246.4o 1.18 2031.28 394.07 -246.80 1.35 2221.97
401.37 -237.37 -2.46 2379.98 414.85 -253.43 -4.16 2464.34
430.10 -255.79 2.69 2637.47 446.97 -234.52 -2.45 3072.97
457.77 -277.62 -13.38 2913.99 456.57 -267.34 0.00 2461.91
439.38 -195.80 0.00 2567.73 437.oO -235.11 -13.98 2188.81
409.21 -290.56 0.69 2033.24 391.49 -258.57 9.29 2229.28
401.08 -246.58 5.27 2481.90 407.66 -248.00 0.79 2600.41
428.61 -253.85 4.13 2759.39 451.92 -235.31 7.06 3031.52
471.29 -226.34 -11.74 2837.42 444.77 -296.35 0.00 2127.36
402.16 -235.79 0.00 2575.54 384.12 -209.36 -8.99 2577.00
426.74 -26..95 -16.35 2021.04 440.74 -304.92 7.59 2051.28
410.37 -257.95 17.51 2359.49 425.36 -236.40 9.33 2587.24
446.74 -237.96 4.46 2711.oO 463.24 -221.20 8.49 2831.08
452.54 -217.17 -7.04 2891.55 428.30 -294.92 0.00 2373.15
432.49 -262.15 0.00 2227.82 401.98 -223.99 12.05 2295.12
375.66 -216.51 -5.52 2517.01 431.37 -261.71 -16.55 2063.47
489.06 -288.47 1.93 2012.75 450.90 -248.54 15.29 2402.90 '..%
453.13 -218.38 4.64 2712.09 458.47 -221.83 3.54 2785.24
464.23 -219.34 -6.31 2868.63 447.10 -272.47 0.00 2396.07
410.67 -254.29 0.00 2124.43 431.67 -248.09 4.62 2180.51
422.22 -231.15 13.66 2141.01 386.47 -223.48 3.23 2542.37
402.13 -262.71 -5.30 2455.57 450.40 -267.29 5.98 2313.16
454.29 -226.22 13.29 2731.59 '47.37 -215.55 5.31 2773.05
465.86 -206.72 -5.42 2932.52 446.44 -262.10 0.00 2350.23
420.95 -249.32 0.00 2081.03 427.40 -227.7a 2.84 2091.27
441.76 -239.63 1.16 2077.13 482.52 -227.61 8.39 2088.34
474.53 -218.14 6.25 2120.04 472.17 -248.67 3.89 2291.22
486.56 -235.94 12.44 2411.68 475.88 -215.72 9.08 2676.97
461.52 -202.12 3.88 2856.44 447.01 -245.83 0.00 2545.30
416.56 -226.58 0.00 1994.71 436.57 -222.41 3.04 2046.40
447.29 -218.22 2.95 2085.90 445.90 -215.32 2.43 2179.54
465.94 -226.81 -1.21 2278.54 487.86 -228.03 -0.42 2297.07
488.70 -242.57 3.49 2403.38 487.39 -230.06 8.26 2635.03
468.63 -214.73 8.78 2702.33 462.50 -227.75 C 30 2741.35
420.91 -201.68 0.00 1979.59 447.94 -202.21 0.10 1992.76
466.93 -204.34 0.00 2006.41 484.12 -211.12 0.00 2075.18
468.68 -206.86 0.00 2234.16 488.93 -225.47 0.00 2374.1
499.59 -234.75 0.00 2438.50 505.06 -231.20 0.00 2488.24
495.41 -227.33 0.00 2547.25 485.76 -233.19 0.00 2894.48 -'

1010.39 -469.43 0.00 42729.25 1059.78 -488.55 0.00 41454.94
1074.77 -512.01 0.00 37375.25 1060.97 -511.23 0.00 36005.85
1049.38 -504.03 0.00 38240.o4 1037.47 -512.94 0.00 40608.57
1040.29 -490.89 0.00 43347.39 1016.28 -536.19 0.00 48026.18
975.17 -515.07 0.00 54996.84 973.10 -497.21 0.00 57079.48
971.07 -449.11 0.00 46171.79 957.03 -484.54 -8.28 45838.94
939.31 -526.38 -8.61 40637.10 945.74 -506.12 -10.37 40912.89
957.50 -507.28 -11.50 43670.71 960.55 -515.85 -8.24 44374.44
947.83 -501.20 -5.48 49233.92 99o.02 -498.89 -19.70 54121.94

1028.68 -560.58 -0.81 51154.90 987.51 -497.00 0.00 56784.67
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993.77 -4.44.21 0.00 48682.36 983.o2 -513.27 -2.75 43185.71
948.34 -537.95 1.91 39010.05 919.13 -523.44 1.73 43328.3t
911.59 -495.55 -4.12 46409.53 923.38 -515.76 -6.74 48054.71
933.29 -510.94 2.85 51430.o8 933.08 -460.48 -3.98 59922.89
964.11 -534.26 -18.70 56822.71 1000.08 -523.75 0.00 48007.17
977.31 -433.51 0.00 50070.79 1004.37 -515.45 -22.43 4.2681.70
966.51 -615.45 1.09 39648.09 909.75 -544.19 14.16 43471.01
899.24 -507.99 7.48 48397,06 897.50 -501.51 0.73 50707.94
919.64 -502.07 5.26 53808.12 941.59 -460.75 9.96 59114.57
990.59 -446.39 -15.72 55329.68 1008.02 -579.90 0.00 41483.47
910.05 -504.89 0.00 50222.94 872.49 -456.47 -13.81 50251.47
995.45 -574.58 -26.53 39410.34 1010.58 -636.92 11.97 39999.95
922.40 -534.94 26.27 4.601C.11 926.61 -484.39 13.38 50451.18
951.34 -479.20 6.12 5287o.17 971.47 -443.62 11.98 55206.05
951.01 -430.06 -9.47 56385.27 950.51 -570.27 0.00 46276.39
993.49 -568.77 0.00 43442.48 926.35 -496.95 19.18 44754.82
854.81 -471.50 -8.43 49081.77 989.83 -566.41 -26.41 40237.70

1091.03 -609.82 2.79 39248.68 982.79 -516.89 22.39 46856.48
960.38 -449.91 6.27 52885.68 963.81 -449.31 4.91 54312.14
968.70 -439.24 -8.55 55938.30 976.46 -537.25 0.00 46723.34

*965.97 -566.62 0.00 41426.41 987.78 -550.73 7.46 42520.04
968.29 -519.67 22.02 41749.74 864.26 -483.15 4.84 4957o.27

*893.82 -549.54 -7.95 47883.54 986.93 -557.95 8.95 45106.o9
958.62 -467.39 18.98 53266.06 943.92 -444.29 7.49 54074.39
965.28 -421.83 -7.29 57184.C8 976.65 -530.74 0.00 45829.43
987.11 -569.32 0.00 40580.05 987.o8 -528.42 4.64 40779.75

1006.23 -545.81 1.88 40503.96 1069.30 -519.28 13.53 40722.69
1047.72 -495.64 9.91 41340.83 1023.20 -534.10 5.87 44678.75
1035.72 -502.87 18.58 47027.66 996.87 -454.41 12.97 52200.97

961.07 -423.17 5.72 55700.56 960.10 -505.20 0.00 49633.33 *

988.40 -549.66 0.00 38896.82 1005.85 -532.58 5.11 39904.85
1010.80 -518.15 4.89 40675.14 992.35 -501.91 3.95 42501.01
1013.14 -510.47 -1.88 44431.50 104o.55 -506.37 -0.67 44792.87
1037.36 -521.30 5.20 46866.00 1017.09 -487.17 12.10 51383.13

982.25 -456.28 12.84 52695.48 971.21 -475.84 0.00 53456.26
995.34 -519.19 0.00 38602.02 1027.16 -513.94 0.00 38858.78

1048.89 -510.12 0.00 39125.05 1064.26 -510.54 0.00 40465.92
1051.93 -487.49 0.00 43566.11 1037.11 -506.32 0.00 46304.92
1049.18 -514.01 0.00 47550.70 1055.69 -501.59 0.00 48520.69
1037.43 -489.92 0.00 49671.38 1000.47 -486.26 0.00 56442.32
10 10 2 60000. 0.6
-35.74 6.33 0.00 2191.24 -37.30 7.52 0.00 2125.89
-36.89 8.28 0.00 1916.68 -37.08 8.32 0.00 1846.45
-38.40 9.21 0.00 1961.06 -39.28 9.78 0.00 2082.49
-40.52 9.41 0.00 2222.94 -40.03 11.81 0.00 2462.88
-38.84 10.78 0.00 2820.35 -38.35 9.87 0.00 2927.15
-35.07 6.26 0.00 2367.78 -34.27 7.95 0.29 2350.71
-32.70 8.36 0.32 2083.95 -33.74 8.24 0.60 2098.10
-35.52 9.31 0.69 2239.52 -36.26 10.09 0.56 2275.61
-36.88 10.22 0.53 2524.82 -39.ol 11.30 1.16 2775.48
-39.56 13.36 0.11 2623.33 -38.63 10.37 0.00 2912.03
-36.75 6.79 0.00 2496.53 -35.31 8.77 -0.10 2214.05
-33.24 8.58 -0.09 2031.28 -33.43 9.05 0.07 2221 .97
-34.25 8.95 0.34 2379.98 -35.26 10.32 0.49 2464.34
-36.40 11.06 0.12 2637.47 -37.58 10.29 0.36 3072.97

37.59 13.14 0.77 2913.99 -3o.92 10.84 0.00 2461.91
-37.18 6.26 0.00 2567.73 -36.49 8.70 0.88 2188.81
-33.87 11.87 -0.04 2033.24 -33.00 9.83 -0.53 2229.28
-34.16 9.56 -0.23 2481.90 -34.72 10.05 0.09 2600.41
-36.12 11.00 -0.10 2759.39 -38.10 10.41 -0.54 3031 .52 '

-39.42 9.58 0.47 2837.42 -3o.44 12.78 0.00 2127.36
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-33.88 8.90 0.00 2575.54 -32.93 0.05 G.45 2577.00

-35.56 10.22 1.08 2021.04 -36.2- 13.51 -0.45 2051.28

-34.55 10.31 -1.16 2359.49 -36.15 9.3. -0.58 2587.24

-37.86 10.09 -0.23 2711.60 -39.10 9.30 -0.60 2631 .08

-38.21 8.86 0.33 2891.55 -35.29 13.10 0.00 2373.15

-36.17 11.13 0.00 2227.82 -34.03 7.66 -0.85 2205.12 _

-32.14 o.96 0.34 2517.01 -35.83 10.14 1.11 2063.47

-40.20 12.97 0.01 2012.75 -37.72 10.36 -0.90 2402.90

-38.22 8.75 -0.17 2712.09 -38.73 9.22 -0.21 2785.24

-38.87 9.40 0.31 2868.63 -36.66 11.82 0.00 2396.07 .- .-

-34.18 10.39 0.00 2124.43 -35.77 9.91 -0.38 2180.51
-35.13 8.17 -0.95 2141.01 -32.48 7.80 -0.10 2542.3?

-32.91 10.76 0.32 2455.57 -36.82 11.60 -0.35 2313.16
-37.89 9.38 -0.86 2731.59 -37.44 8.59 -0.33 2773.05
-39.08 8.52 0.21 2932.52 -36.*5 11.52 0.00 2350.23
-34.78 10.25 0.00 2081.03 -35.27 8.51 -0.24 2091.27

-36.05 9.18 -0.10 2077.13 -39.16 8.85 -0.67 2088.34

-38.92 7.94 -0.42 2120.04 -38.20 10.45 -0.17 2291.22

-39.58 10.08 -0.83 2411.68 -39.45 8.77 -0.52 2676.97

-38.50 7.99 -0.39 2856.44 -37.06 10.63 0.00 2545.30

-34.41 9.10 0.00 1994.71 -35.56 8.49 -0.21 2046.40
-36.06 8.13 -0.18 2085.90 -35.89 7.78 -0.11 2179.54

-37.19 8.91 0.16 2278.54 -39.03 9.33 0.10 2297.07

-39.20 10.35 -0.12 2403.38 -39.38 9.91 -0.53 2635.03

-38.77 8.36 -0.67 2702.33 -38.47 9.55 0.00 2741.35

-34.60 7.57 0.00 1979.59 -36.22 7.67 O.O 1992.76

-37.19 7.65 0.00 2006.41 -38.07 8.15 0.00 2075.18
-38.48 7.85 0.00 2234.16 -38.58 9.00 0.OG 2374.61

-39.58 10.02 0.00 2438.50 -40.48 9.68 0.00 2488.24

-39.94 9.07 0.00 2547.25 -39.92 9.62 0.00 2894.48

-91.42 17.27 0.00 42729.25 -95.22 19.02 0.00 41454.94

o -97.00 19.91 0.00 37375.25 -97.85 19.59 O.OC 36005.85
-97.98 19.93 0.00 38240.64 -97.29 20.51 0.00 40608.57

-97.43 19.19 0.00 43347.39 -94.21 23.49 0.00 48026.18

-89.64 21.25 0.00 54996.84 -88.80 19.90 0.00 57079.48

-87.84 16.00 0.00 46171.79 -86.44 18.69 0.49 45838.94

-85.99 19.44 0.55 40637.10 -87.37 18.38 1.08 40912.89

-88.41 19.84 1.21 43670.71 -88.90 20.41 1.01 44374.44

-87.63 20.26 0.96 49233.92 -90.63 21.71 1.88 54121.94

-92.26 25.59 0.20 51154.90 -89.14 19.80 0.00 56784.67

I -89.57 16.47 0.00 48682.36 -89.07 20.29 -0.18 43185.71

-86.97 19.68 -0.17 39610.05 -84.43 19.79 0.17 43328.36

-84.00 18.65 0.60 46409.53 -84.65 20.73 0.85 48054.71

-85.09 21.20 0.31 51430.68 -84.72 19.31 0.62 59922.89
-86.18 24.27 1.13 56822.71 -89.29 20.26 0.00 48007.17

-89.42 15.40 0.00 50070.79 -91.25 20.28 1.54 42681.70
-87.18 25.96 -0.06 39648.09 -83.12 21.16 -0.87 43471.01

-82.24 19.85 -0.34 48397.06 -81.97 19.83 0.19 50707.94

-83.38 20.96 -0.08 53808.12 -85.25 19.26 -0.83 59114.57

-89.91 17.60 0.59 55329.68 -91.40 23.37 0.00 41483.47

-83.25 20.58 0.00 50222.94 -80.68 16.10 0.74 50251.47

-90.39 23.34 1.92 39410.34 -90.27 28.65 -0.77 39999.95
-83.84 21.43 -1.89 46010.11 -84..53 18.83 -0.89 50451.18

-86.34 19.39 -0.33 52876.17 -88.42 17.39 -0.92 5520o.05

-86.89 16.02 0.43 56385.27 -86.07 23.23 0.00 40276.39

-90.42 25.56 0.00 43442.48 -85.2o 18.85 -1.47 4754.e2

-78.94 16.69 0.55 49081.77 -89.76 22.88 1.93 40237.70
-97.43 27.32 0.06 39248.68 -88.88 21.10 -1.38 46856.48

-87.50 17.19 -0.21 52885.68 -87.74 17.32 -0.30 54312.14

-88.29 17.02 0.42 55938.30 -88.66 20.77 0.00 46723.34

-87.97 2A.. 88 0.00 41426.41 -89.43 23.06 -0.60 42520.04
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-88.38 20.13 -1.06 41749. -79.03 17.b2 -0.15 49576.27
-80.41 22.74 0.51 47883.54 -88.49 23.58 -G.56 45106.09
-86.76 18.5o -1.30 53266.06 -80.18 16.40 -0.49 54074.39
-88.14 15.66 0.27 57184.08 -8&.92 20.55 0.00 45829.43
-89.36 25.12 0.00 40580.05 -89.79 21.71 -0.42 40779.75

- -90.78 22.40 -0.17 40503.96 -96.24 21.23 -1.19 40722.69
-94.94 18.42 -0.71 41340.83 -91.66 22.13 -0.26 44678.75
-93.07 20.42 -1.33 47027.66 -90.43 17.31 -0.77 52200.97
-87.91 15.17 -0.64 55700.5a -87.91 19.46 0.00 49633.33
-89.74 23.60 0.00 38896.82 -90.73 22.01 -0.38 39904.85
-91.01 20.85 -0.32 40675.14 -89.32 19.07 -0.18 42501.01
-90.58 20.45 0.28 44431.50 -93.51 20.20 0.18 44792.87
-92.55 21.55 -0.16 46866.00 -91.08 19.81 -0.82 51383.13
-89.45 16.5o -1.07 52695.48 -88.78 18.22 0.00 53456.26-90.01 21.23 0.00 38602.02 -92.43 21.01 0.00 38858.78
-93.79 20.23 0.00 39125.05 -94.49 20.53 0.00 40465.92
-93.28 18.64 0.00 43566.11 -91.92 20.21 0.00 46304.92
-93.04 21.12 0.00 47550.70 -94.15 20.29 0.00 48520.69
-92.81 18.73 0.00 49671.38 -90.17 19.10 0.00 56442.32

10 9 2 60000. 0.6
6.32 -28.95 0.00 2191.24 8.27 -28.26 0.00 2125.89
8.92 -28.64 0.00 1916.68 6.47 -27.92 0.00 1846.45
4.42 -26.90 0.00 1961.06 3.22 -27.82 0.00 2082.49
2.32 -27.77 0.00 2222.94 2.35 -28.80 0.00 2462.88
2.00 -31.13 0.00 2820.35 2.24 -31.45 0.00 2927.15
5.92 -28.34 0.00 2367.78 6.54 -29.07 -0.46 2350.71
6.16 -31.96 -0.41 2083.95 5.20 -30.35 0.10 2098.104.94 -28.58 0.13 2239.52 4.66 -29.18 0.30 2275.61
3.68 -28.88 0.65 2524.82 4.44 -27.60 0.03 2775.48
6.31 -30.09 0.19 2623.33 4.11 -31.51 0.00 2912.03
6.13 -27.23 0.00 2496.53 6.73 -30.44 -0.66 2214.655.96 -32.75 0.03 2031.28 5.40 -30.97 0.47 2221.97
4.79 -29.27 0.29 2379.98 5.18 -29.38 0.29 2464.34" 5.31 -29.12 0.86 2637.47 4.34 -26.90 0.40 3072.97
6.24 -29.45 -1.02 2913.99 7.06 -33.08 0.00 2461.91
4.06 -27.59 0.00 2567.73 6.34 -29.79 -0.93 2188.81
8.27 -33.81 0.06 2033.24 6.05 -31.68 0.72 2229.28
5.22 -29.60 0.57 2481.90 5.24 -29.29 0.39 2600.41
5.64 -28.70 0.64 2759.39 4.89 -26.86 0.18 3031.52
4.51 -27.38 -1.42 2837.42 6.22 -34.72 0.00 2127.36
4.38 -29.56 0.00 2575.54 3.23 -29.87 -0.92 2577.00
7.36 -31.98 -0.94 2021.04 9.63 -32.26 0.55 2051.28
6.27 -30.38 0.95 2359.49 5.10 -28.57 0.59 2587.24
5.51 -27.82 0.39 2711.60 4.71 -26.87 0.34 2831.08
3.78 -27.68 -0.73 2891.55 5.15 -34.64 0.00 2373.15
6.19 -29.17 0.00 2227.82 4.58 -29.93 0.58 2295.12
3.74 -30.64 -0.40 2517.01 7.39 -31.50 -0.91 2063.47
9.79 -30.27 0.44 2012.75 6.59 -28.99 1.13 2402.90
4.83 -27.29 0.58 2712.09 4.83 -27.70 0.26 2785.24
4.41 -27.30 -0.62 2868.63 5.91 -33.91 0.00 2396.07
6.79 -29.52 0.00 2124.43 7.09 -29.62 0.10 2180.516.18 -30.30 0.70 2141.01 4.74 -30.50 0.49 2542.37
6.92 -31.51 -0.38 2455.57 7.85 -30.83 0.45 2313.16
5.53 -27.88 0.80 2731.59 4.49 -28.43 0.34 2773.05
4.12 -27.18 -0°.7 2932.52 5.99 -33.09 0.00 2350.23
7.89 -29.60 0.00 2081.03 7.05 -29.28 0.05 2091 .277.83 -30.47 0.02 2077.13 7.97 -28.37 0.20 2088.346.72 -29.46 0.36 2120.04 7.76 -29.96 0.44 2291 .22
7.20 -28.37 0.69 2411.68 5.38 -28.19 0.73 2676.97
4.08 -27.84 -0.14 2856.44 4.81 -31.87 0.00 2545.30
8.13 -29.19 0.00 1994.71 8.22 -29.60 0.18 204c.40
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7.97 -29.52 0.23 2085.90 7.37 -30.18 0.29 2179.54
7.82 -29.ol 0.14 2278.54 7.9o -29.35 0.16 2297.07
7.97 -29.86 0.50 2403.38 7.19 -28.71 0.52 2635.03
4.95 -29.80 0.26 2702.33 ,,.5, -30.19 0.00 2741.35
8.83 -29.32 0.00 1979.59 3.71 -28.94 0.00 1992.76
9.03 -29.32 0.00 2006.41 9.50 -29.16 0.00 2075.18
8.96 -29.24 0.00 2234.16 8.57 -29.97 0.00 2374.61
8.60 -29.71 0.00 2438.50 8.01 -29.36 0.00 2488.24
7.84 -30.45 0.00 2547.25 6.24 -30.62 0.00 2894.48

-25.06 -74.85 0.00 42729.25 -23.95 -74.27 0.00 41454.94
-25.77 -77.85 0.00 37375.25 -32.62 -78.70 0.00 36005.85
-36.42 -75.48 0.00 38240.64 -37.52 -76.08 0.00 40608.57
-37.26 -74.37 0.00 43347.39 -33.15 -72.63 0.00 48026.18 P
-29.22 -74.35 0.00 54996.84 -26.90 -73.94 0.00 57079.48
-24.03 -73.35 0.00 46171.79 -23.21 -74.27 -0.69 45838.94
-26.70 -83.59 -0.58 40637.10 -29.60 -81.44 0.76 40912.89
-29.83 -76.76 0.86 43670.71 -30.66 -77.25 1.12 44374.44
-29.98 -73.61 1.73 49233.92 -26.57 -68.04 0.82 54121.94
-22.86 -72.38 0.46 51154.90 -23.96 -74.09 0.00 56784.67
-23.47 -70.34 0.00 48682.36 -24.66 -78.38 -1.41 43185.71 P
-27.50 -86.09 -0.03 39610.05 -27.13 -81.55 1.06 43328.36
-27.80 -77.51 0.88 46409.53 -26.69 -76.14 0.99 48054.71
-25.38 -73.16 1.86 51430.68 -24.25 -65.25 0.98 59922.89

-20.43 -69.34 -1.46 56822.71 -20.87 -80.08 0.00 48007.17
-27.67 -70.96 0.00 50070.79 -26.20 -77.61 -1.12 42631.70
-23.01 -86.70 0.10 39648.09 -25.32 -82.81 1.06 43471.01

-25.28 -70.95 0.99 48397.06 -24.87 -75.18 0.86 50707.94
-23.4C -71.43 1.23 53808.12 -23.60 -65.48 -0.01 59114.57
-25.65 -67.08 -2.47 55329.68 -25.85 -85.40 0.00 41483.47

-25.68 -73.ol 0.00 50222.94 -27.62 -75.18 -1.41 50251.47
-25.79 -84.04 -0.98 39410.34 -21.04 -83.62 0.76 39999.95
-24.16 -79.25 1.02 46010.11 -25.34 -73.75 0.77 50451.18
-24.50 -70.32 0.62 52876.17 -25.90 -67.02 0.26 55206.05
-26.60 -67.84 -1.21 56385.27 -26.04 -83.17 0.00 46276.39
-26.41 -74.78 0.00 43442.48 -27.93 -77.32 0.42 44754.82
-26.66 -77.47 -0.52 49081.77 -25.21 -83.32 -0.92 40237.70
-22.61 -80.48 1.00 39248.68 -24.19 -75.24 1.64 46856.48
-25.89 -69.53 1.05 52885.68 -25.76 -68.90 0.37 54312.14
-26.33 -67.06 -1.02 55938.30 -25.44 -82.22 0.00 46723.34
-25.83 -76.57 0.00 41426.41 -24.83 -76.23 -0.14 42520.04
-26.61 -79.46 0.58 41749.74 -24.29 -76.98 0.87 49576.27
-20.55 -79.02 -0.52 47883.54 -21.68 -78.51 0.65 45106.69
-23.85 -69.86 0.97 53266.06 -26.08 -70.68 0.45 54074.39

-26.76 -66.80 -1.16 57184.08 -26.27 -81.17 0.00 45829.43
-24.51 -76.58 0.00 40580.05 -25.89 -76.59 -0.13 40779.75
-24.02 -79.22 -0.06 40503.96 -24.76 -75.63 -0.21 40722.69
-26.47 -78.52 0.39 41340.83 -22.19 -76.75 0.77 44678.75
-23.46 -73.65 0.75 47027.66 -25.51 -70.49 1.08 52200.97
-27.14 -68.90 -0.57 55700.5o -27.43 -77.64 0.00 49633.33
-25.42 -76.24 0.00 38896.82 -23.89 -76.84 0.16 39904.85
-23.51 -76.69 0.30 40675.14 -22.99 -78.1o 0.51 42501.01
-21.39 -75.83 0.42 44431.50 -21.89 -75.52 0.41 44792.87
-21.20 -75.11 0.94 46866.00 -21.95 -71.30 0.64 51383.13
-26.35 -73.64 0.01 52695.48 -27.26 -73.55 0.0G 53456.26
-24.34 -75.82 0.00 38602.02 -23.66 -75.03 0.00 38858.78
-22.16 -76.60 0.00 39125.05 -20.18 -75.66 0.00 40465.92
-19.58 -75.54 0.00 43566.11 -19.15 -75.50 0.00 46304.92
-19.52 -74.55 0.00 47550.70 -21.48 -73.84 0.0C 48520.69
-22.11 -75.87 0.00 49671.38 -23.63 -73.55 0.00 56442.32

10 8 2 60000. 0.6
27.96 -9.84 0.00 2125.89

.. . . . . . . ....-.... . . . .. . . . . . . . . . . . . . . . . . . . . *.



31.01 -11.77 0.00 191o.t8 32.56 -12.22 0.00 184o.45
32.95 -11.93 0.00 1901.06 32.76 -11.19 0.00 2082.49

32.11 -10.34 0.00 2222.94 29.73 -9.85 0.00 2462.88

26.63 -7.65 0.00 2820.35 25.05 -o.74, 0.00 2927.15
26.38 -8.87 0.00 2367.78 26.52 -9.18 -0.26 2350.71 __

28.14 -9.97 -0.31 2083.95 29.25 -10.01 -0.49 2098.10

29.70 -9.81 -0.55 2239.52 30.12 -9.73 -0.45 2275.61

28.97 -8.61 -0.40 2524.82 27.80 -8.25 -0.83 2775.48

27.04 -8.79 -0.07 2623.33 24.88 -6.20 0.00 2912.03
25.94 -8.53 0.00 2496.53 27.40 -9.73 0.00 2214.65
28.53 -10.00 0.08 2031.28 28.22 -4.22 -0.02 2221.97
28.37 -8.65 -0.25 2379.98 28.65 -8.52 -0.38 2464.34

28.12 -7.99 -0.10 2637.47 26.08 -6.55 -0.27 3072.97
25.04 -7.24 -0.48 2913.99 25.35 -6.95 0.00 2461.91
25.62 -7.79 0.00 2567.73 27.07 -9.61 -0.7a 2188.81

28.13 -10.88 0.04 2033.24 27.42 -9.25 0.47 2229.28

27.34 -7.95 0.19 2481.90 27.58 -7.59 -0.07 2600.41

27.23 -7.21 0.05 2759.39 26.26 -6.22 0.36 3031.52
26.34 -6.11 -0.25 2837.42 27.12 -8.16 0.00 2127.36

23.79 -8.21 0.O 2575.54 24.21 -6.85 -0.35 2577.00

28.29 -10.35 -0.97 2021.04 29.02 -11.24 0.42 2051.28
27.50 -8.52 0.92 2359.49 27.49 -7.10 0.42 2587.24

27.79 -o.85 0.16 2711.60 27.26 -o.C7 0.40 2831.08
25.57 -5.19 -0.17 2891.55 25.14 -6.82 0.00 2373.15
25.40 -10.42 0.00 2227.82 25.18 -8.15 0.64 2295.12
24.24 -6.70 -0.25 2517.01 23.05 -9.82 -0.96 2063.47
30.57 -11.03 0.04 2012.75 28.38 -8.01 0.69 2402.90
27.16 -6.25 0.10 2712.09 26.07 -5.714 0.13 2785.24

25.44 -5.39 -0.16 2868.o3 25.13 -o.12 0.00 2396.07
24.47 -10.39 0.00 2124.43 25.25 -9.29 0.27 2180.51 .
25.97 -8.68 0.75 2141.01 23.89 -6.73 0.08 2542.37 '.,

24.46 -7.73 -0.24 2455.57 26.87 -8.43 0.28 2313.16
26.16 -6.19 0.56 2731.59 25.67 -5.32 0.21 2773.05
24.91 -4.79 -0.09 2932.52 25.21 -6.30 0.00 2350.23
23.96 -10.31 0.00 2081.03 24.74 -9.10 0.17 2091.27

25.61 -9.09 0.07 2077.13 27.21 -9.33 0.5C 2088.34
27.91 -8.53 0.34 2120.04 26.93 -8.11 0.14 2291.22
26.85 -7.36 0.60 2411.68 25.89 -5.70 0.32 2676.97

24.60 -4.66 0.26 2856.44 24.40 -5.49 0.00 2545.30
23.51 -10.16 0.00 1994.71 24.16 -9.02 0.16 2046.40 '.-

24.64 -8.60 0.15 2085.90 24.75 -7.94 0.10 2179.54 "-

25.09 -7.79 -0.10 2278.54 26.07 -7.80 -0.06 2297.07

25.96 -7.24 0.09 2403.38 24.96 -6.12 0.34 2635.03

24.54 -4.85 0.42 2702.33 23.80 -4.75 0.00 2741.35
* 22.92 -9.10 0.00 1979.59 24.16 -8.84 0.00 1992.76
" 24.87 -8.69 0.00 2006.41 25.19 -8.43 0.00 2075.18

25.06 -7.55 0.00 2234.16 24.86 -6.97 0.00 2374.61
25.09 -6.95 0.00 2438.50 25.29 -6.49 0.00 2488.24
24.55 -5.48 0.00 2547.25 22.87 -4.20 0.00 2894.48

-1.06 37.94 0.00 42729.25 -2.09 37.93 0.00 41454.94

-1.35 39.73 0.00 37375.25 1.90 40.08 0.00 36005.85

3.72 38.61 0.00 38240.64 4.34 39.02 0.00 40608.57

4.13 38.02 0.00 43347.39 2.49 37.88 0.00 48026.18
1.10 38.43 0.00 54996.84 -0.02 38.05 0.00 57079.48

-1.08 37.07 0.00 46171.79 -1.21 37.93 0.40 45838.94
0.66 42.47 0.35 40637.10 1.90 41.30 -0.21 40912.89
1.88 39.32 -0.24 4,3670.71 2.23 39.65 -0.39 44374.44
2.01 37.92 -0.69 49233.92 -0.21 35.50 -0.13 54121.94

-2.31 38.14 -0.19 51154.90 -1.48 38.14 0.00 56784.67

-1.66 35.72 0.00 48682.36 -0.90 40.12 0.64 43185.71

0.89 43.70 -0.01 39610.C5 1.09 11.61 -0.48 ,3328.36
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1.50 39.55 -0.33 4o4O9.53 0.8? 39.23 -0.35 48054.71
0.15 37.90 -0.84 51430.68 -0.50 33.88 -0.38 59922.8-

-2.63 36.57 0.86 56822.71 -2.90 41.05 0.00 48007.17
C.33 35.87 O.O 50070.79 -0.51 39.75 0.75 42681.70
-1.32 44.95 -0.06 39648.09 0.34 42.43 -0.63 43471.01
0.50 39.50 -0.52 48397.06 0.36 38.69 -0.38 50707.94

-0.59 37.09 -0.60 53808.12 -0.89 34.02 -0.11 59114.57
-0.68 34.52 1.26 55329.68 -0.74 44.06 0.00 41483.47
0.27 37.93 0.00 50222.94 1.63 38.04 0.78 50251.47

-0.50 43.28 0.74 39410.34 -2.71 43.92 -0.47 39999.95
-0.28 40.83 -0.75 46010.11 0.17 37.87 -0.49 50451.18
-0.52 36.35 -0.34 52876.17 -0.23 34.49 -0.26 55206.05
0.22 34.69 0.64 56385.27 -0.01 43.07 0.00 46276.39

-0.42 39.17 0.00 43442.48 1.12 39.43 -0.41 44754.82
1.47 39.25 0.33 49081.77 -0.67 42.92 0.71 40237.70

* -2.99 42.25 -0.47 39248.68 -1.02 38.91 -0.98 46856.48
-0.C6 35.66 -0.53 52885.68 -0.21 35.41 -0.22 54312.14
-0.12 34.50 0.55 55938.30 -0.61 42.29 0.00 46723.34
-0.34 39.92 0.00 41426.41 -1.01 39.62 -0.03 42520.04
0.09 40.66 -0.51 41749.74 0.33 39.22 -0.44 49576.27

-1.60 40.96 0.32 47883.54 -2.19 40.85 -0.39 45106.69 -'-

-0.97 36.04 -0.65 53266.06 0.15 36.14 -0.28 54074.39
0.09 34.19 0.59 57184.08 -0.24 41.77 0.00 45829.43

-1.21 39.98 0.00 40580.05 -0.55 39.51 0.00 40779.75
-1.54 40.89 0.00 40503.96 -1.95 39.02 -0.07 40722.69
-0.89 40.02 -0.29 41340.83 -2.46 39.79 -0.41 44678.75
-2.07 38.09 -0.55 47027.66 -0.77 36.17 -0.63 52200.97
0.30 35.12 0.18 55700.56 0.45 39.95 0.00 49633.33

-0.85 39.61 0.00 38896.82 -1.67 39.71 -0.13 39904.85
-1.84 39.49 -0.19 40675.14 -1.81 39.95 -0.27 42501.01
-2.75 39.08 -0.16 44431.50 -2.92 38.91 -0.17 44792.87

-3.12 38.97 -0.47 46866.00 -2.60 36.93 -0.42 51383.13
-0.30 37.59 -0.16 52695.48 0.16 37.83 0.00 53456.26
-1.44 39.12 0.00 38602.02 -2.04 38.73 0.00 38858.78

-2.90 39.37 0.00 39125.05 -3.92 38.98 0.00 40465.92
-4.03 38.68 0.00 43566.11 -4.04 38.93 0.00 46304.92
-4.03 38.64 0.00 47550.70 -3.29 38.20 0.00 48520.69

-2.84 38.96 0.00 49671.38 -1.86 37.98 0.00 56442.32
10 7 2 60000. 0.6

-2.66 8.77 0.00 2191.24 -3.64 8.36 0.00 2125.89
-4.26 8.36 0.00 1916.68 -4.41 8.06 0.00 1846.45
-4.99 7.89 0.00 1961.06 -5.79 8.23 0.00 2082.49

-7.09 8.30 0.00 2222.94 -8.68 9.25 0.00 2462.88
- -9.91 9.79 0.00 2820.35 -10.89 9.79 0.00 2927.15
" -2.07 8.62 0.00 2367.78 -2.73 8.38 0.14 2350.71

-2.95 8.85 0.13 2083.95 -3.63 8.35 0.03 2098.10 P-J.
-4.67 8.05 0.05 2239.52 -5.59 8.37 0.02 2275.61
-6.64 8.34 -0.04 2524.82 -8.93 8.22 0.25 2775.48

-10.95 9.07 -0.01 2623.33 -11.19 8.70 0.00 2912.03
-1.65 8.25 0.00 2496.53 -2.14 8.60 0.17 2214.65

-2.38 8.79 -0.01 2031.28 -3.32 8.29 -0.11 2221 .97
-4.19 7.93 -0.03 2379.98 -5.22 8.18 0.00 2464.34
-6.46 8.22 -0.16 2637.47 -7.81 7.38 -0.01 3372.97
-9.81 8.14 0.39 2913.99 -11.15 7.82 0.00 2461 .91 .4

-0.44 8.14 0.00 2567.73 -1.35 8.20 0.24 2183.81
-2.39 9.05 -0.02 2033.24 -2.90 8.29 -0.20 2229.28
-3.82 7.79 -0.15 2481.90 -4.70 7.85 -0.07 2600.41

-5.77 7.78 -0.15 2759.39 -7.07 8.99 -0.12 3031.52
-8.72 6.29 0.37 2837.42 -10.02 7.17 O.OC 2127.36

0.50 8.61 0.00 2575.54 -0.06 7.89 0.23 2577.00
-1.53 8.21 0.23 2021.04 -3.21 8.39 -0.14 2051.28
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t-Ic W-. V. -s 7.-7..-. - - - -x

-3.45 7.76 -0.29 2359.49 -4.13 7.27 -0.18 2587.24
-5.11 7.09 -0.10 2711.60 -5.96 6.38 -0.14 2831.08
-6.90 5.78 0.19 2691.55 -8.12 6.71 0.00 2373.15

1.33 8.56 0.00 2227.82 0.76 7.76 -0.11 2295.12

-3.67 7.52 -0.10 2012.75 -3.79 7.07 -0.30 2402.90-5.67 5.51 0.15 2868.63 -7.86 5,.87 0.00 236.07

-4.02 6.43 -0.13 2712.09 -4.o4 6.19 -0.07 2785.24-5.67 5.51 0.1.5 2868.63 -7.00 5.87 0.00 2396.U7 .'

2.50 8.43 0.00 2124.43 1.18 7.57 0.01 2180.51

0.36 7,13 -0.12 2141.01 -0.68 7.08 -0.11 2542.37

2.01 7.43 0.09 2455.57 -3.01 7.22 -0.11 2313.16

-3.20 o.30 -0.21 2731.59 -3.26 o.04 -0.09 2773.05

-4.23 5.23 0.15 2932.52 -5.44 5.44 0.00 2350.23

3.41 8.15 0.00 2081.03 2.34 7.07 0.02 2091.27

0.91 a.93 O.O 2077.13 -0.46 6.22 -0.01 2088.34

-1.16 6.35 -0.07 2120.0' -2.20 6.60 -0.10 2291.22
-2.58 6.20 -0.16 2411.68 -2.57 5,78 -0.16 2676.97

-2.91 5.20 0.01 2856.44 -3.85 5.33 0.00 2545.30

4.71 7.33 0.00 1994.71 3.00 6.67 -0.01 2046.40

1.56 6.27 -0.03 2085.90 0.38 6.36 -0.06 2179.54
-0.80 6.27 -0.04 2278.54 -1.56 6.14 -0.04 2297.07

-1.96 6.21 -0.11 2403.38 -2.16 5.83 -0.11 2635.03

-2.08 5.68 -0.06 2702.33 -2.77 5.18 0.00 2741.35

5.50 6.15 0.00 1979.59 3.46 5.61 0.00 1992.76

1.76 5.77 0.00 2006.41 0.36 5.84 0.00 2075.18

-0.65 5.91 0.00 2234.16 -1.30 o.12 0.00 2374.61

-1.69 6.02 0.00 2438.50 -1.81 5.83 0.00 2488.24

-2.18 5.92 0.00 2547.25 -2.43 5.87 0.00 2894.48 -.--

-8.42 20.97 0.00 42729.25 -9.31 21.08 0.00 41454.94

-9.18 22.07 0.00 37375.25 -7.70 22.22 0.00 36005.85

-6.86 21.48 0.00 38240.64 -6.56 21.72 0.00 40608.57

-6.75 21.10 0.00 43347.39 -7.36 21.40 0.00 48026.18

-7.70 21.46 0.00 54996.84 -8.23 21.14 0.00 57079.48

-8.06 20.42 0.00 46171.79 -8.07 21.02 0.24 45838.94

-7.18 23.38 0.23 40637.10 -6.74 22.67 -0.01 40912.89 .:.

-6.92 21.76 -0.01 43670.71 -6.86 21.97 -0.11 44374.44

-6.92 21.06 -0.26 49233.92 -8.37 19.94 0.11 54121.94

-9.66 21.60 -0.08 51154.90 -8.98 21 .05 0.00 56784.67

-8.42 19.76 0.00 48682.36 -8.09 22.27 0.31 43185.71

-7.10 24.01 -0.02 39610.05 -6.85 22.91 -0.23 43328.36

-6.69 21.74 -0.12 46409.53 -7.12 21.73 -0.10 48054.71

-7.59 21.08 -0.40 51430.68 -7.92 18.84 -0.14 59922.89

-9.21 20.59 0.54 56822.71 -9.72 22.44 0.00 48007.17

-7.32 19.74 0.00 50070.79 -8.00 22.08 0.51 42681.70

-8.18 25.15 -0.03 39648.09 -7.05 23.42 -0.39 43471.01

-6.99 21.77 -0.29 48397.06 -7.11 21.34 -0.18 50707.94

-7.75 20.59 -0.31 53808.12 -8.10 18.85 -0.13 59114.57

-8.49 18.89 0.69 55329.68 -8.79 24.10 0.00 41483.47

-6.77 21.19 0.00 50222.94 -5.95 20.81 0.46 50251.47

-7.97 24.07 0.54 39410.34 -9.18 24.78 -0.31 39999.95

-7.48 22.56 -U.55 46010.11 -7.37 20.80 -0.33 50451.18

-7.91 20.04 -0.20 52876.17 -7.98 18.88 -0.21 55206.05

-7.66 18.78 0.36 56385.27 -7.87 23.51 0.00 46276.39

-7.63 22.27 0.00 43442.48 -6.53 21.76 -0.33 44754.82

-5.92 21.40 0.21 49081.77 -8.05 23.77 0.53 40237.70

-9.96 23.77 -0.23 3924B.68 -8.29 21.50 -0.62 46a56.48

-7.70 19.47 -0.29 52885.68 -7.82 19.29 -0.14 54312.14

-7.85 18.73 0.31 55938.30 -8.22 22.84 0.00 46723.34

-7.30 22.58 0.00 41426.41 -7.87 22.24 -0.07 42520.04 ,.

-7.35 22.41 -0.40 41749.74 -o.54 21.41 -0.23 49576.27

-7.73 22.66 0.21 47883.54 -8.78 22.65 -0.24 45106.69
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---. ~--.-. -- . 7-.---17 v-17. . . . ... -77 77C7.7W,

-8.02 19.74 -0.44 53266.06 -7.41 19.55 -0.19 54074.39
-7.62 18.44 0.32 57184.08 -7.95 22.55 0.00 45829.43
-7.75 22.590 0.00 40580.05 -7.59 21.99 -0.03 40779.75
-8.30 22.68 -0.01 40503.96 -9.Ci8 21.60 -0.13 40722.o9
-8.54 21.83 -0.21 41340.83 -9.11 21.97 -0.23 44678.75
9.05 20.93 -0.39 47027.6o -8.16 19.64 -0.38 52200.97

-74 1.7 0.03 55700.56 -. 9 21.56 0.00 49633.33
-7.49 22.21 0.00 38896.82 -h.16 22.04 -0.10 39904.85
-8.42 21.79 -0.12 40675.14 -8.39 21.84 -0.15 42501.01
-9.05 21.48 -0.06 44431.50 -9.44 21.35 -0.07 44792.87
-9.47 21.45 -0.25 46866.00 -9.07 20.23 -0.28 51383.13
-7.77 20.25 -0.17 52695.48 -7.49 20.43 0.00 53456.26
-7.72 21.63 0.00 38602.02 -8.44 21.36 0.00 38858.78

*-9.10 21.62 0.00 39125.05 -9.85 21.44 0.00 40465.92
-9.89 21.11 0.00 43566.11 -9.83 21.34 0.00 46304.92
-9.93 21.24 0.00 47550.70 -9.63 20.92 0.00 48520.69
-9.29 21.15 0.00 49671.38 -8.51 20.64 0.00 56442.32
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SECOND SOLUTION FILE (LU=22) FOR SAMPLE PROBLEM 2

10 0 2 180000. 0.O
431.67 -197.99 0,00 2191.24 455.09 -212.12 0.00 2125.89
450.80 -224.79 0.00 1916.0 441.34 -227.25 0.00 1846.45
449.31 -230.96 0.00 19o1 .06 456.91 -241.?7 0.00 2082.49
472.17 -231.50 0.00 2222.94 472.64 -260.84 0.00 2462.88
401.54 -252.21 0.00 2620.35 456.59 -240.91 0.00 2927.15
423.02 -197.25 0.00 23o7.78 415.40 -219.66 -5.30 2350.71
391.07 -240.43 -5.43 2083.95 398.76 -233.18 -6.34 2098.10
418.07 -240.56 -7.18 2239.52 425.36 -248.43 -4.98 2275.61
432.90 -246.00 -3.03 2524.82 472.77 -248.69 -13.18 2775.48
483.04 -282.44 -0.42 2623.33 465.69 -252.38 0.00 2912.03
444.29 -199.85 0.00 2496.53 425.42 -237.29 -1.79 2214.65
395.93 -246.46 1.18 2031.28 394.07 -246.80 1.35 2221.97
401.37 -237.37 -2.46 2379.98 414.85 -253.43 -4.16 2464.34
430.10 -255.79 2.69 2037.47 446.97 -234.52 -2.45 3072.97
457.77 -277.62 -13.38 2913.99 456.57 -267.34 0.00 2461.91
439.38 -195.80 0.00 2567.73 437.60 -235.11 -13.98 2188.81
409.21 -290,56 0.69 2033.24 391.9 -258.57 9.29 2229.28
401.08 -24o.58 5.27 2481.90 407.66 -248.00 0.79 2600.41
428.61 -253.85 4.13 2759.39 451.92 -235.31 7.06 3031.52
471.29 -226.34 -11.74 2837.42 444.77 -296.35 0.00 2127.36
402.18 -235.79 0.00 2575.54 384.12 -209.36 -8.99 2577.00
426.74 -264.95 -16.35 2021.04 440.74 -304.92 7.59 2051.28
410.37 -257.95 17.51 2359.49 425.36 -236.40 9.33 2587,24
446.74 -237.96 4.46 2711.60 463.24 -221.20 8.49 2831.08
452.54 -217.17 -7.04 2891.55 428.30 -294.92 0.00 2373.15
432.49 -262.15 0.00 2227.82 401.98 -223.99 12.05 2295.12
375.66 -216.51 -5.52 2517.01 431.37 -261.71 -16.55 2063.47
489.06 -288.47 1.93 2012.75 450.90 -248.54 15.29 2402.90
453.13 -218.38 4.64 2712.C9 458.47 -221.83 3.54 2785.24
464.23 -219.34 -6.31 2868.63 447.10 -272.47 0.00 2396.07
410.87 -254.29 0.00 2124.43 431.67 -248.09 4.62 2180.51
422.22 -Z31.15 13.66 2141.01 386.47 -223.48 3.23 2542.37
4G02.13 -262.71 -5.30 2455.57 450.40 -267.29 5.98 2313.16
454.29 -22o.22 13.29 2731.59 447.37 -215.55 5.31 2773.05
4 5.86 -206.72 -5.42 2932.52 446.44 -262.10 0.00 2350.23
420.95 -Z49.32 0.00 2051.03 427.40 -227.76 2.84 2091.27
441.76 -239.63 1.16 2077.13 482.52 -227.61 8.39 2088.34
474.53 -218.14 6.25 2120.04 472.17 -248.67 3.89 2291.22
456.5o -235.94 12.44 2411.68 475.88 -215.72 9.08 2676.97
4o1.52 -202.12 3.88 285a.44 447.01 -245.83 0.00 2545.30
416.50 -228.58 0.00 1994.71 436.57 -222.41 3.04 2046.40
447.29 -216.22 2.95 2085.90 445.90 -215.32 2.43 2179.54
4o5.94 -226.81 -1.21 2278.54 487.86 -228.03 -0.42 2297.07 'A
488.70 -242.57 3.49 2403.38 487.39 -230.C6 8.26 2635.03
468.63 -214.73 8.78 2702.33 462.50 -227.75 0.00 2741.35
420.91 -201.68 0.00 1979.59 447.94 -202.21 0.00 1992.76
466.93 -204.34 0.00 2006.41 484.12 -211.12 0.00 2075.18
488.68 -206.86 0.00 2234.16 488.93 -225.47 0.00 2374,61
499.59 -234.75 0.00 2438.50 505.06 -231.20 0.00 2488.24
495.41 -227.33 0.00 2547.25 485.76 -233.19 0.00 2894.48

1010.39 -469.43 0.00 162729.25 1059.78 -488.55 0.00 161454.94 .
1074.77 -512.01 0.00 157375.25 1060.97 -511.23 0.00 156005.86
1049.38 -504.03 0.00 158240.64 1037.47 -512.94 0.00 160608.58
1040.29 -490.89 0.00 1e3347.39 1016.28 -536.19 0.00 168026.19
975.17 -515.07 0.00 174996.64 973.10 -497.21 0.00 177079.48
971.07 -449.11 0.00 166171.80 957.03 -484.54 -8.28 165838e94
939.31 -526.38 -8.61 160637.11 945.74 -506.12 -10.37 160912.89 "'."-
957.50 -507.28 -11.50 163670.72 960.55 -515.85 -8.24 164374.44
947.83 -501.20 -5.48 169233.92 996.02 -498.89 -19.70 174121v94

- 1028.68 -5o0.58 -0.81 171154.91 987.51 -497.00 0.00 176784.67
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993.77 -444.21 00 168682.36 983.02 -518.27 -2.75 163185.72

948.34 -537.95 1.91 159610.05 919.18 -523.44 1.73 163328.36

911.59 -495.55 -4.12 166409.53 923.38 -515.76 -6.74 168054.72

933.29 -510.94 2.85 171430.69 933.08 -460.48 -3.98 179922.89

9o4.11 -534.26 -18.70 176822.72 1000.03 -523.75 0.00 168007.17

977.31 -433.51 0.00 170070.80 1004.3? -515.45 -22.43 162681.70

966.51 -615.45 1.09 159648.09 909.75 -544.19 14.16 163471.02
I 966.551 -0.7 .0 7 00 8 I0 .7 - 15 4 2 , 3 160601,94

'*, 899.24 -507.99 7.48 163397.C6 897.50 -501.51 0.73 170707.94

91;.o4 -502.07 5.20 173808.13 941.59 -460.75 9.96 179114.58

990.59 -446.3 9  -15.72 175329.69 1008.02 -579.90 0.00 161483.47
(-504,9 0.00 170222.94 872.49 -456.47 -13.81 170251.47

910.05 -0.9669 19 5999
"" 995.45 -574.58 -2b.53 159410.34 1010.58 -636.92 11.97 159999.95

922.40 -534.94 26.27 166010.11 926.61 -484.39 13.38 170451.19

. 951.34 -479.20 6,12 172876.17 971.47 -443,62 11.98 175206.05

- 951.01 -430.06 -9.47 176385.27 950.51 -570.27 0.00 166276.39

993o49 -568.77 0.00 163442.48 926.35 -496.95 19.18 164754.83

854.81 -,71.50 -8.43 169081.77 989.83 -566.41 -26.41 160237.70

• 1091.03 -609.82 2.79 159248.69 982.79 -516.89 22.39 166656.48

960.38 -449.91 6.27 172885.9 963.81 -449.31 4.91 174312.14

968.70 -439.24 -8.55 175938..10 976.46 -537.25 0..00 166723.34

"905.97 -5.6.62 000 161420.41 937.78 -550.73 7.46 162520.05

905.29 -519.67 22.02 161749.73 864.26 -483.15 4.84 169576.27

893.82 -549.54 -7.95 167883.55 986,93 -557.95 8.95 165106.69

958.0Z -467.39 18.98 1732o6.06 943.92 -444.29 7.49 174074.39

"9oS28 -421.83 -7.29 177184.08 97o.65 -530.74 0.00 165829.44

987.11 -569.32 0.00 160580.05 987.68 -528.42 4.64 160779.75 ..,-"

1006.23 -545.51 1.88 160503.97 1069.30 -519.28 13.53 160722.69

_ 1047.72 -495.64 9.91 161340.83 1023.23 -534.10 5.87 164678.75
1035.72 -502.87 18.58 167027.66 996.87 -454.41 12.97 172200.97 k.-..

961.07 -423.17 5.72 175700.50 960.10 -505.20 0.00 169633.33

'9B8.40 -549.66 0.00 158896.83 1005.85 -532.58 5.11 159904.86

1010.80 -518.15 4.89 360675.14 992.35 -501.91 3.95 162501.02

1013.14 -510.47 -1.88 464431.50 1046.55 -506.37 -0.67 164792.88

1037.36 -521.30 5.20 16o66.00 1017.09 -487,17 12.10 171383.13

9a2.25 -456.28 12.84 172695.48 971.21 -475.84 0.00 173456.27

995,3, -519.19 0.00 158o02.02 1027.16 -513.94 0.00 158658.78

1048.89 -10.12 0.00 159125.05 1064.26 -510.54 0.00 160465.92

1051.93 -487.49 0.00 163566.11 1037.11 -506.32 0.00 166304.92

1049.18 -514.01 0.00 107550.70 1055.69 -501.59 0.00 168520.69

1037.43 -489.92 0.00 169671.38 1000.47 -486.26 0.00 176442.33

10 10 2 180000. 0.6

-35.76 o.33 0.00 2191.24 -37.30 7.52 0.00 2125.89-35.89 8.28 0.00 191a.b3 -37.03 8.32 0.00 1846.45

-3b.t, 9.21 0.00 1961.06 -39.28 9.78 0.00 2082.49

-40.52 9.41 0.00 2222.94 -40.03 11.81 0.00 2462.88

-38.84 10.78 0.00 2820.35 -38.35 9.87 0.00 2927.15
-3B.07 0.26 0.00 2367.78 -34.27 7.95 0.29 2350.71
-32.70 8.36 0.32 2083.95 -33.74 8.24 0.60 2098.10
-35.52 9.31 0.69 2239.52 -36.26 10.09 0.56 2275.61

-36.88 10.22 0.53 2524.82 -39.61 11.30 1.16 2775.48

-39.56 13.36 0.11 2623.33 -38.63 10.37 0.00 2912.03

-36.75 6.79 0.00 2496.53 -35.31 8.77 -0.10 2214.65

-33.24 8.58 -0.09 2031.23 -33.43 9.05 0.07 2221.97

-34.25 8.95 0.34 2379.93 -35.26 10.32 0.69 246434

-36.43 11.06 0.12 2637.47 -37.53 10.29 0.36 3072.9?
-37.59 13.14 0.77 2913.9 -36.92 10.84 0.00 2461.91

--37.18 e.2 0.00 2567.73 -36.49 8.70 0.88 2188.81

-33.87 11.87 -0.04 2033.24 -33.00 9.83 -0.53 2229.28

-34.16 9.56 -0.23 24a1.90 -34.72 10.05 0.09 2600.41

-36.12 11.00 -0.10 2759.39 -38.10 10.41 -0.54 3031.52

-39.42 Y.58 0.47 2837.42 -36o44 12.78 0.00 2127.36 -
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- -33.88 8.96 0.00 2575.54 -32.93 6.65 0.45 2577,00
" -35.56 10.22 1.08 2021.04 -36.29 13.51 -0.45 2051.28

-34.55 10.31 -1.16 2359.49 -36.15 9.34 -0.58 2587.24
-37.86 10.09 -0.23 2711.60 -39.10 9.30 -0.60 2831.08
-38.21 8.86 0.33 2891.55 -35.29 13.10 0.00 2373.15
-36.17 11.13 0.00 2227.82 -34.03 7.66 -0.85 2295.12
-32.14 o.96 0.34 2517.01 -35.83 10.14 1.11 2063.47
-4G.20 12.97 0.01 2012.75 -37.72 10.36 -0.90 2402.90
-38.22 8.75 -0.17 2712.09 -38.73 9.22 -0.21 2785.24
-38.8? 9.40 0.31 2868.63 -36.66 11.82 0.00 2396.07
-34.16 10.39 0.00 2124.43 -35.77 9.91 -0.38 2180.51
-35.13 8.17 -0.95 2141.01 -32.48 7.80 -0.10 2542.37
-32.91 1U.7o 0.32 2455.57 -36.82 11.60 -0.35 2313.16
-37.89 9.38 -0.86 2731.59 -37.44 8.59 -0.33 2773.05
-39.08 8.52 0.21 2932.52 -36.65 11.52 0.00 2350.23
-34.78 1.25 0.00 2051.03 -35.27 8.51 -0.24 2091.27
-36.05 9.18 -0.10 2077.13 -39.16 8.85 -0.67 2088.34
-38.92 7.94 -0.42 2120.04 -38.23 10.45 -0.17 2291.22
-39.58 10.08 -0.83 2411.68 -39.45 8.77 -0.52 2676.97
-38.50 7.99 -0.39 2856.44 -37.06 10.63 0.00 2545.30
-34.41 9.10 0.00 1994.71 -35.56 8.49 -0.21 2046.40
-36.06 8.13 -0.18 2085.90 -35.89 7.78 -0.11 2179.54
-37.19 8.91 0.16 2278.54 -39.03 9.33 0.10 2297.07
-39.20 10.35 -0.12 2403.38 -39.38 9.91 -0.53 2635.03
-38.77 8.36 -0.o7 2702.33 -38.47 9.55 0.00 2741.35
-34.60 7.57 0.00 1979.59 -36.22 7.67 0.00 1992.76
-37.19 7.65 0.00 2006.41 -38.07 8.15 0.00 2075.18

* -38.48 7.85 0.00 2234.16 -38.58 9.00 0.00 2374.61
-39.56 10.02 0.00 2438.50 -40.48 9.68 0.00 2488.24
-39.94 9.07 0.00 2547.25 -39.92 9.62 0.00 2894.48
-91.42 17.27 0.00 f62729.25 -95.22 19.02 0.00 161454.94
-97.00 19.91 0.00 157375.25 -97.85 19.59 0.00 156005.86
-97.98 19.93 0.00 1.53240.64 -97.29 20.51 0.00 160608.58
-97.43 19.19 0.00 1"63347.39 -94.21 23.49 0.00 168026.19
-89.64 21.25 0.00 174996.84 -88.80 19.90 0.00 177079.48
-87.84 16.00 0.00 166171.80 -86.44 18.69 0.49 165838.94
-85.99 19.44 0.55 160637.11 -87.37 18.38 1.08 160912.89
-88.41 19.84 1.21 163670.72 -88.90 20,41 1.01 164374.44
-87.63 20.26 0.96 169233.92 -90.63 21.71 1.88 174121.94
-92.26 25.59 0.20 171154.91 -89.14 19.80 0.00 176784.67
-89.57 10.47 0.00 lo8682.36 -89.07 20.29 -0.18 163185.72
-86.97 19.68 -0.17 159610.05 -84.43 19.79 0.17 163328.36
-84.00 18.o5 0.60 166409.53 -84.05 20.73 0.85 168054.72
-85.09 21.20 0.31 171430.69 -84.72 19.31 0.62 179922.89
-86.18 24.27 1.13 176822.72 -89.29 20.2a 0.00 168007.17
-89.42 15.40 0.00 170070.80 -91.25 20.28 1.54 162681.70
-87.18 25.96 -0.06 159648.09 -83.12 21.16 -0.87 163471.02
-32.24 19.85 -0.34 168397.06 -81.97 19.83 0.19 170707.94
-83.38 20.96 -0.08 173808.13 -85.25 19,26 -0.83 179114.58
-39.91 17.60 0.59 175329.69 -91.40 23.37 0.00 161483.47
-83.25 20.58 0.00 170222.94 -80.o8 1o.10 0.74 170251,47
-90.39 23.34 1.92 159410.34 -90.27 28.65 -0.77 159999.95
-83.84 21.43 -1.89 166010.11 -84.53 18.83 -0.89 170451.19
-86.34 19.39 -0.33 172376.17 -88.42 17,39 -0.92 175206.05.*' -r
-86.89 lo.02 0.43 176385.27 -86.67 23.23 0.00 166276.39
-90.42 25.56 0.00 163442.48 -85.2o 18.85 -1.47 164754.83
-78.94 16.09 0.55 169081.77 -89.76 22.88 1.93 160237.70
-97.43 27.32 0.06 159248.69 -88.88 21.10 -1.38 166856.48
-87.50 17.19 -0.21 172885.69 -87.74 17.32 -0.30 174312.14
-88.29 17.02 0.42 175938.30 -88.66 20.77 0.00 166723.34
-87.97 24.88 0.00 161426.41 -89.48 23.66 -0.66 162520.05
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-88.38 20.13 -1.06 161749.73 -79.03 .0.15 169576.27

-80.41 22.7' 0.51 167883.55 -88.'9 23.58 -0.56 165106.69

*'" -86.76 18.56 -1.30 173266.06 -86.18 16.40 -0.49 174074.39
-88.17 15.66 0.27 177184.08 -88.92 20.55 0.00 165829.44

--9.36 e5.12 0.00 160580.05 -89.79 21.71 -0,42 160779.75
-90.78 22.40 -0.17 160503.97 -96.24 21.23 -1.19 160722.69

-)4,9 18.42 -0.71 161340.83 -91.66 22.13 -0.26 16,678.75

-93.07 20.42 -1.33 1o7027.66 -90.43 17.31 -0.77 172200.97

-87.91 15.17 -0.64 175700.56 -87.91 19.46 0.00 169633.33
.. -89.74, 23.60 0.00 158890.83 -90.73 22.01 -0.38 159904.86
-91.01 20.85 -0.32 160675.14 -89.32 19.07 -0.18 162501.02
-90.58 20.45 0.28 o4431.50 -93.51 20.20 0.18 164792.88
-92.55 21.55 -0,16 166866.00 -91.03 19.81 -0.82 171383.13

-9.45 1.56 - 1 16686.00 -8 .7 18.22 0.00 173456.27
-90.C1 lZ5 01.0 5 02 -92.43 2101 0.00 158858.78

-93.79 20.23 0.00 159125.05 -94.49 20.53 0.00 160465.92
+ -93.2o 18.,64 0.00 163566.11 -91.92 20.21 0.00 166304.92
-93.0b 21.12 0.00 167550.70 -94.15 20.29 0.00 168520.69
-92.81 18.73 0.00 169671.38 -90.17 19.10 0.00 176442.33

10 9 2 180000. 0,o6.32 -28.,95 0.00 2191.24. 8.27 -26.26 00 158

8.92 -28.64 0.00 1916.68 6.47 -27.92 0.00 1846.45

6.32 -20.90 0.00 1961.06 3.22 -27.82 0.00 2082.89

2.32 -27.77 0.00 2222.94 2.35 -28.80 0.00 2462.88

2.00 -31.13 0.00 2b20.35 2.24 -31.45 0.00 2927.15

5.92 -28.34 0.00 2367.78 6.54 -29.07 -0.46 2350.71

6.1o -31.96 -0.41 2083.95 5.20 -30.35 0.10 2098.10

4.94 -28.58 0.13 2239.52 4.66 -29.18 0.30 2275.61
3.63 -28.88 0.65 2524.82 4.44 -27.60 0.03 2775.48
6.31 -30.09 0.19 ,2e23.33 4.11 -31.51 0.00 2912.03

-27.23 0.00 2496.53 6.73 -30.44 -0.66 2214.65
5.96 -32.75 003 2031.28 5.40 -30.97 0.47 2221.97
5.79 -2927 0 129 379. 98  5.18 -29.38 0,29 2464.34

5.31 -29.12 0.86 2637.47 4.34 -26.90 0.40 3072.97

o.2.+ -29.45 -1.02 2913.99 7.06 -33.08 0.00 2461.91
4.06 -27.59 0.00 2567.73 6.34 -29.79 -0.93 2188.81"
8.27 -33dl 0.06 2033.24 6.05 -31.68 0.72 2229.28
8.22 -29.00 0.57 2481.90 5.24 -29.29 0.39 2600.41

5.64 -28.70 0.64 2759.39 4.89 -26.86 0.18 3031.52

4.51 -27.38 -1142 2837.42 6.22 -34.72 0.00 2127.36

4.38 -29.56 0.00 2575.54 3.23 -29.87 -0.92 2577.00
7.38 -31.98 -0.94 2021.04 9.63 -32.26 0.55 2051.28

0.27 -30.38 0.95 2359. 49 5.10 -28.57 0.59 2587.24

5.51 -27982 0.39 2711.60 4.71 -26.87 0.34 2831.08

3.78 -27.68 -0.73 2891.55 5.15 -34.64 0.00 2373.15

6 19  -29.17 0.00 2227.82 4.58 -29.93 0.58 2295.12

3.7,. -30.64 -0.40 2517., 7.39 -31.50 -0.91 2063.47
9.79 -3i0.27 0.44 2012.75 6.59 -28.99 1.13 2402.90
9.83 -27.29 0.58 2712.C9 83 -27.70 0.26 2785.24

.. 41 -27.30 -0.02 2868.63 .91 -33.91 0.00 2396.07
4.10 14.3 7.9 -29.62 0).10 2180.51

o.79 -29.52 0.00 2124.43 7.09

6.18 -30.30 0.70 2141.01 4,74 -30.50 0.49 2542.37
6.92 -3151 -0.38 2455,57 7.85 -30.83 0.45 2313.16

S55 -27.88 0.80 2731.59 4.49 -28.43 0.34 2773.05

4.12 -27.18 -0.67 2932.52 5.99 -33.09 0.00 2350.23

7.89 -29,00 0.00 2081.03 7.05 -29.28 0.05 2091.27

"783 -30.47 0.02 2077.13 7.97 -28.37 0.20 2088.3.

6.72.-29.46 0.36 2120.04 7.76 -29.96 0.44 2291.22

7.20 -28.87 0.69 2411.61 5.33 -28.19 0.73 2676.97

4.08 -27.84 -0.114 2356.44 4.81 -31.87 0.00 2545.30

8.13 -2.1 .00 1994.71 8.22 -29.60 01 064
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7.97 -29.52 0.23 205.90 7.37 -30.18 0.29 2179.54

7.82 -29.01 Q.14 2278.54 7.96 -29.35 0.16 2297.07
7.97 -29.86 0.50 2403.38 7.19 -28.71 0.52 2635.03
4.95 -29.80 0.26 2702.33 7.54 -30.19 0.00 2741.35

8.83 -29.32 0.00 1979.59 8.71 -28.94 0.00 1992.76
9.03 -29.32 0.00 200o.41 9.50 -29.16 0.00 2075.18
8.90 -29.24 0.00 2234.16 8.57 -29.97 0.00 2374.61
8.60 -29.71 0.00 2438.50 8.01 -29.36 0.00 2488.24
7.84 -30.45 0.00 2547.25 6.24 -30.62 0.00 2894.48

-25.C6 -74.85 0.00 1e2729.25 -23.95 -74.27 0.00 161454.94
-25.77 -?7.35 0.00 157375.25 -32.o2 -78.70 0.00 156005.86
-36.42 -75.48 0.00 158240.64 -37.52 -76.08 0.00 160608.58
-37.26 -7,.37 0.00 163347.39 -33.15 -72.63 0.00 168026.19
-29.22 -74.35 0.00 17499o.84 -26.90 -73.94 0.00 177079.48
-24.03 -73.35 0.00 166171.80 -23.21 -74.27 -0.69 165838.94
-2o.7. -83.59 -0.58 160637.11 -29.o0 -31.44 0.76 160912.89
-29.83 -7o.76 0.86 1e3670.72 -30.66 -77.25 1.12 164374.44
-29.96 -73.61 1.73 169233.92 -26.57 -68.04 0.82 174121.94
-22.86 -72.38 0.4o 171154.91 -23.96 -74.09 0.00 176784.67
-23.47 -70.34 0,00 168682.36 -24.66 -78.38 -1.41 163185.72
-27.50 -80.09 -0.03 159610.05 -27.13 -81.55 1.06 163328.36
-27.80 -77.51 0.88 166409.53 -26.69 -76.14 0.99 168054.72
-25.38 -73.16 1.86 171430.o9 -24.25 -65.25 0.98 179922.89
-20.43 -69.34 -1.46 176822.72 -20.87 -80.08 0.00 168007.17
-27.67 -70.90 0.00 170070.80 -26.20 -77.61 -1.12 162681.70
-23o.G1 -86.70 0.10 159648.09 -25.32 -82.81 1.06 163471.02
-25.28 -76.95 0.99 168397.0o -24.87 -75.18 0.86 170707.94
-23.43 -71.43 1.23 173808.13 -23.60 -65.48 -0.01 179114.58
-25.65 -67.08 -2.47 175329.69 -25.85 -85.40 0.00 161483.47
-25.68 -73.61 0.00 170222.94 -27.62 -75.18 -1.41 170251.47
-25.79 -84.04 -0.98 15V410.34 -21.04 -83.62 0.76 159999.95
-24.1o -79.25 1.02 166Q10.11 -25.34 -73.75 0.77 170451.19
-24.50 -70.32 0.62 172#76.17 -25.90 -67.02 0.26 175206.05
-2o.60 -67.84 -1.21 1763S5.27 -26.04 -83.17 0.00 166276.39
-2o.41 -74.78 0.00 163442.43 -27.93 -77.32 0.42 164754.83
-26.6o -77.47 -0.52 169081.77 -25.21 -83.32 -0.92 160237.70
-22.61 -80.48 1.00 159248.69 -24.19 -75.24 1.64 166856.48
-25.89 -69.53 1.05 172885.69 -25.76 -68.90 0.37 174312.14
-26.33 -67.06 -1.02 175938.30 -25.44 -82.22 0.00 166723.34
-25.83 -76.57 0.00 161426.41 -24.83 -76.23 -0.14 162520.05
-26.61 -79.46 0.58 161749.73 -24.29 -76.98 0.87 169576.27
-20.55 -79.02 -0.52 167883.55 -21.68 -78.51 0.65 165106.69
-23.85 -69.86 0.97 173266.06 -2-5.08 -70.68 0.45 174074.39
-26.7o -66.80 -1.lo 177184.C3 -26.27 -81.17 0.00 165829.44
-24.51 -76.58 0.00 10580.C5 -25.89 -76.59 -0.13 160779.75
-24.02 -79.22 -0.06 160503.97 -24.76 -75.63 -0.21 160722.69
-26.47 -78.52 0.39 161340.83 -22.19 -76.75 0.77 164678.75
-23.46 -73.65 0.75 167027.66 -25.51 -70.49 1.08 172200.97-27.14 -68.90 -0.57 175700.56 -27.45 -77.64 0.00 169633.33

-25.42 -7o.24 0.00 158896.83 -23.89 -76.84 0.16 159904.86
-23.51 -7o.69 0.30 160675.14 -22.99 -78.16 0.51 162501.02
-21.39 -75.83 0.42 1o4431.50 -21.89 -75.52 0.41 164792.88
-21.20 -75.11 0.94 166866.00 -21.95 -71.30 0.64 171383.13
-26.35 -73.64 0.01 172695.43 -27.26 -73.55 0.00 173456.27
-24.34 -75.82 0.00 158602.02 -23.66 -75.03 0.00 158858.78
-22.16 -76.60 0.00 159125.05 -20.18 -75.66 0.00 160465.92

" -19.58 -75.54 0.00 16356e.11 -19.15 -75.50 0.00 166304.92
-19.52 -74.55 0.00 167550.70 -21.48 -73.84 0.00 168520.69

- -22.11 -75.87 0.00 169671.38 -23.63 -73.55 0.00 176442.33
* 0~ 2 160000. 0.6

27.9o -9.84 0.00 2191.24 29.20 -10.50 0.00 2125.89
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31.01 -11.77 0.00 1916.68 32.58 -12.22 0.00 1846.45
32.95 -11.93 0.00 1961.06 32.76 -11.19 0.00 2082.49
32.11 -10.34 0.00 2222.94 29.73 -9.85 0.00 2462.88
26.63 -7.65 0.00 2820.35 25.05 -6.74 0.00 2927.15
26.38 -8.87 0.00 2367.78 26.52 -9.18 -0.26 2350.71
28.14 -9.97 -0.31 2083.95 29.25 -10.01 -0.49 2098.10
29.70 -9.81 -0.55 2239.52 30.12 -9.73 -0.45 2275.61
28.97 -8.61 -0.40 2524.82 27.50 -8.25 -0.83 2775.48
27.0 . -8.79 -0.07 2o23.33 2/6.83 -6.20 0.00 2912.03
.25.94 -d.53 0.00 2496.53 27.40 -9.73 0.00 2214.65
28.53 -10.00 0.08 2031.28 28.22 -9.22 -0.02 2221.97
28.37 -65 -0.25 2379.98 28.65 -8.52 -0.38 2464.34
28.12 -7.99 -0.10 2637.47 26.08 -6.55 -0.27 3072.97
25.04 -7.24 -0.46 2413.99 25.35 -6.95 0.00 2461.91
25.oZ -7.79 0.00 2567.73 27.67 -9.61 -0.76 2188.81
28.13 -10.68 0.04 2033.24 27.42 -9.25 0.47 2229.28
Z c7.34 -7.95 0.19 24S1.90 27.58 -7.59 -0.07 2600.41
26.34 -o.11 -0.25 2837.42 .7.12 -8.16 0.00 2127.36

23.79 -8.21 0.30 2575.54 2..21 -6.85 -0.35 2577.00
28.29 -10.35 -0.97 2021.04 29.02 -11.24 0.42 2051.28
27.50 -8.52 0.92 2359.49 27.49 -7.10 0.42 2587.24 "-
27.79 -0.85 0.16 2711.60 27.26 -6.07 0.40 2831.08
25.57 -5.19 -0.17 2891.55 25.14 -6.82 0.00 2373.15
25.40 -10.42 0.00 2227.82 25.13 -8.15 0.64 2295.12
24.24 -6.70 -0.25 2517.01 28.05 -9.82 -0.96 2063.47
30.57 -11.03 0.04 2012.75 28.38 -8.01 0.69 2402.90
27.16 -6.25 0.10 2712.09 26.67 -5.74 0.13 2785.24
25.44 -5.39 -0.16 2866.63 25.13 -6.12 0.00 2396.07
24.47 -13.39 0.00 2124.43 25.25 -9.29 0.27 2180.51
25.97 -8.68 0.75 2141 .'01 23.89 -6.73 0.08 2542.37
24.40 -7.73 -Q.24 2455.57 26.87 -8.43 0.28 2313.1626.16 -0.19 0.56 2731.69 25.67 -5.32 0.21 2773.05

24.91 -4.79 -0.09 2932.52 25.21 -6.30 0.00 2350.23
23.96 -10.31 0.00 2081.03 24.74 -9.10 0.17 2091.27
25.61 -9.09 0.07 2077.13 27.21 -9.33 0.50 2088.34
27.91 -8.53 0.34 2120.04 26.93 -8.11 0.14 2291.22
26.85 -7.36 0.60 2411.e8 25.89 -5.70 0.32 2676.97 .. .I
24.60 -4.66 0.26 2856.44 24.40 -5.49 0.00 2545.30
23.51 -10.16 0.00 1994.71 24.16 -9.02 0.16 2046.40
24.64 -8.60 0.15 2085.90 24.75 -7.94 0.10 2179.54
25.09' -7.79 -0.10 2278.54 26 .07 -7.80 -0.06 2297.07
25.9o -7.24 0.09 2403.38 24.96 -6.12 0.34 2635.03
24.54 -4.85 0.42 2702.33 23.80 -4.75 0.00 2741.35
22.92 -9.10 0.00 1979.59 24.16 -8.84 0.00 1992.76
24.E7 -8.o9 0.00 200o.41 25.19 -8.43 0.00 2075.18

25.'6 -?.55 0.03 2234.10 24.86 -6.97 0.00 2374.61
25.6i -0.95 0.00 2438.50 25.29 -6.49 0.00 2488.24
24.55 -5.48 0.00 2547.25 22.87 -4.20 0.00 2894.48
-1.Co 37.94 0.00 162729.25 -2.09 37.93 0.00 161454.94
-1.35 39.73 0.00 157375.25 1.93 40.08 0.00 156005.86
3.72 38.ol 0.00 158240.64 4.34 39.02 0.00 160608.58
4.13 36.32 0.00 163347.39 2.49 37.88 0.00 168026.19
1.13 38.43 0.00 17499o.84 -0.02 38.05 0.00 177079.48

-1.08 37.07 0.00 166171.80 -1.21 37.93 0.40 165838.94
0.66 42.47 0.35 160637.11 1.90 41.30 -0.21 160912.89
1.88 39.32 -0.24 163670.72 2.23 39.65 -0.39 164374.44
2.01 37.92 -0.69 169233.92 -0.21 35.50 -0.13 174121.94

-2.31 38.14 -Q.19 171154.91 -1.48 38.14 0.00 176784.67
-1.6C 35.72 0.00 16a682.36 -0.90 40.12 0.64 163185.72
0.69 43.70 -0.01 159610.C5 1.09 41.61 -0.48 163328.36
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1.50 39.55 -0.33 166409.53 O.Sq 39.23 -0.35 168054.72
0.15 37.90 -0.84 171430.69 -0.50 33.88 -0.38 179922.89

-2.63 36.57 0.86 176822.72 -2.90 41.05 0.00 168007.17
. 0.33 35.87 0.00 170070.80 -0.51 39.75 0.75 162681.70

-1.32 44.95 -0.06 159648.09 0.39 42.43 -0,63 163471.02
0.50 39.50 -0.52 168397.06 0.36 38.69 -0.38 170707.94
-G.59 37.09 -0.60 173808.13 -0.89 34.02 -0.11 179114.58
-0.o8 34.52 1,26 175329.69 -0.74 44.06 0.00 161483.47
0.27 37.93 0.00 170222.94 1.o3 38.04 0.78 170251.47

-0.50 43.28 0,74 159410.34 -2.71 43.92 -0.47 159999.95
-0.28 40.83 -0,75 166010.11 0.17 37.87 -0,49 170451,19
-0.52 36.35 -0.34 172876.17 -0.23 34.49 -0.26 175206.05
0.22 34.69 0.64 176385.2? -0.01 43.07 0.00 166276.39

-0.42 39.17 0.00 163442.48 1.12 39.43 -0.41 164754o83 . ..
1.47 39.25 0.33 169081.77 -0.67 42.92 0.71 160237.70

-2.99 42.25 -0.47 159248.69 -1.02 38.91 -0.98 166856.48
-0.06 35o66 -0.53 172885.69 -0.21 35.41 -0.22 174312.14
-0.12 34.50 0.55 175938.30 -0.61 42.29 0.00 166723.34
-0.34 39.92 0.00 161426.41 -1.01 39.62 -0.03 162520.05
0.09 40.66 -0.51 161749.73 0.33 39.22 -0.44 169576.27

-1.60 40.96 0.32 167883.55 -2.19 40.85 -0.39 165106.69
* -0.97 36.04 -0.65 173266.06 0.15 36.14 -0.28 174074.39

0.09 34.19 0.59 177184.08 -0.24 41.77 0.00 165829944
-1.21 39.98 0.00 160580.05 -0.55 39.51 0.00 160779.75
-1.54 40.89 0.00 160503.97 -1.95 39.02 -0,07 160722.69
-0.89 40.02 -0.29 161340,83 -2.46 39.79 -0.41 164678.75
-2.07 38.09 -0.55 167027.66 -0.77 36.17 -0.63 172200.97
0.30 35.12 0.18 175700.56 0.45 39.95 0.00 169633.33

-0.85 39:61 0:00 158896.83 -1,67 39.71 -0.13 159904.86-1.84 39.49 -0.19 J60675.14 -1.81 39.95 -0.27 162501 02,.

-2.75 39.08 -0.16 64431.50 -2.92 38.91 -0.17 164792.88
-3.12 38.97 -0.47 lv66866.00 -2obO 36.93 -0.42 171383.13
-0.30 37.59 -0.16 172695.48 0.16 37.83 0.00 173456.27

. -1.44 39.12 0.00 1:58602.02 -2.04 38.73 0.00 158858.78

-2.90 39o37 0.00 159125.05 -3.92 38.98 0.00 160465o92
-4.03 38.68 0.00 163566.11 -4.04 38.93 0.00 166304.92
-4.03 38.o4 0.00 17550.70 -3.29 38.20 0.00 168520.69
-2.64 38.96 0.00 169671.38 -1.86 37.98 0.00 176442.33

10 7 2 180000. 0.o
-2.66 8.77 0.00 2191.24 -3.64 8.36 0.00 2125.89
-4o26 8.3o 0.00 1916.68 -4.41 8.06 0.00 1846.45
-4.99 7.89 0.00 1961.06 -5.79 8.23 0.00 2082.49
-7.09 8.30 0.00 2222.94 -8.68 9.25 0.00 2462.88
-9.91 9.79 0.00 2820.35 -10.89 9.79 0.00 2927.15
-2.07 8.62 0.00 2367.78 -2.73 8.38 0.14 2350.71
-2.95 8.85 0.13 2083.95 -3.63 8.35 0.03 2098.10
-4.67 8.05 0,05 2239.52 -5059 8.37 0.02 2275.61
-6o64 &.34 -0.04 2524.82 -8o93 8.22 0.25 2775.48

-10.95 9.07 -0001 2623.33 -11.19 8.70 0.00 2912.03
-1.65 8.25 0.00 2496.53 -2.14 8.60 0.17 2214.65
-2.38 6.79 -0001 2031.28 -3.32 8.29 -0.11 2221.97
-4.19 7.93 -0.03 2379.98 -5.22 8.18 0.00 2464.34
-6.46 6.22 -0.16 2637.47 -7,81 7.38 -0.01 3072,97
-9081 8.14 0.39 2913.99 -11.15 7.82 0.00 2461.91
-0.44 bo14 0.00 2567.73 -1.35 8.20 0.24 2188.81
-2.39 9.05 -0.02 2033.24 -2.90 8.29 -0.20 2229.28
-3.82 7.79 -0.15 2481.90 -4.70 7.85 -0.07 2600.41
-5.77 7.78 -0.15 2759.39 -7.07 6.99 -0.12 3031o52
-8.72 0.29 0.37 2837.42 -10.02 7.17 0.00 2127.36
0050 6.61 0.00 2575.54 -0.06 7.89 0.23 2577.00
-1.53 8.21 0.23 2021.04 -3.21 8.39 -0.14 2051.28
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-3.45 7.76 -0.29 2359.49 -4.13 7.27 -0.18 2587.24
-5.11 7.09 -0. 1) 2711.60 -5.96 6.38 -0.14 2831.08
-6.90 5.78 C.19 2891.55 -8.12 6.71 0.00 2373.15 .
1.33 8.56 0.00 2227.82 0.76 7.76 -0.11 2295.12

-0.23 7.46 0.10 2517.01 -1.86 7.65 0.22 2063.47
-3.67 7.52 -0.10 2012.75 -3.79 7.07 -0,30 2402.90
-4.02 o.43 -0.13 2712.09 -4.64 6.19 -0.07 2785.24
-5.67 5.51 0.15 2868.63 -7.00 5.87 0.00 2396.07
2.50 8.43 0.00 2124.43 1.18 7.57 0.01 2180.51
0.36 7.13 -0.12 2141.01 -0.68 7.08 -0.11 2542.37

-2.01 7.43 0.09 2455.57 -3.01 7.22 -0.11 2313.16
-3.20 6.30 -0.21 2731.59 -3.26 6.04 -0.09 2773.05
-4.23 5.23 0.15 2932.52 -5.44 5.44 0.00 2350.23
3.41 8.15 0.00 2081.03 2.34 7.07 0.02 2091.27
0.91 6.93 0.00 2077.13 -0.46 6.22 -0.01 2088.34

-1.l0 0.35 -0.07 2120.04 -2.20 6.60 -0.10 2291.22
-2.58 o.20 -0.16 2411.o8 -2.57 5.78 -0.16 2676.97
-2.91 5.20 0.01 2856.44 -3.85 5.33 0.00 2545.30
4.71 7.33 0.00 1994.71 3.00 6.67 -0.01 2046.40
1.56 6.27 -0.03 2085.90 0.38 6.36 -0.06 2179.54
-0.80 6.27 -0.04 2278.54 -1.56 6.14 -0.04 2297.07
-1.90 6.21 -0.11 2403.38 -2.16 5.83 -0.11 2635.03
-2.08 5.68 -0.06 2702.33 -277 5.18 0.00 2741.35
5.50 6.15 0.00 1979.59 3.46 5.61 0.00 1992.76
1.76 5.77 0.00 2006.41 0.36 5.84 0.00 2075.18

-0.65 5.91 0.00 2234.16 -1.30 6.12 0.00 2374.61
-1.69 6.02 0.00 2438.50 -1.81 5.80 0.00 2488.24
-2.18 5.92 0.00 2547.25 -2.43 5.87 0.00 2894.48
-6.42 20.97 0.00 162729.25 -9.31 21.08 0.00 161454.94
-9.18 22.07 0.00 157375.25 -7.73 22.22 0.00 156005.86
-6.86 21.48 0.00 158240.o4 -6.56 21.72 0.00 160608.58
-6.75 21.10 0.00 1©3347.39 -7.36 21.40 0.00 168026.19
-7.70 21.46 0.00 1*74996.84 -8.23 21.14 0.00 177079.48
-8.06 20.42 C.00 1eol7l.80 -8.07 21.02 0.24 165838.94
-7.18 23.38 0.23 1o0o37.11 -6.74 22.67 -0.01 160912.89
-o.92 21.76 -0.01 163670.72 -6.*6 21.97 -0.11 164374.44
-6.92 21.06 -0.26 169233.92 -8.37 19.94 0,11 174121.94
-9.60 21.60 -0.08 171154.91 -8.98 21.05 0.00 176784.67
-8.42 19.76 0.00 108682.36 -8.09 22.27 0.31 163185.72
-7.10 24.01 -0.02 159610.05 -6.85 22.91 -0.23 163328.36
-6.69 21.74 -0.12 166409.53 -7.12 21.73 -0.10 168054.72
-7.59 21.08 -0.40 1714.30.69 -7.92 18.84 -0.14 179922.89
-9.21 20.59 0.54 176822.72 -9.72 22.44 0.00 168007.17
-7.32 19.74 0.00 170070.80 -8.00 22.08 0.51 162681.70
-8.18 25.15 -0.03 159648.09 -7.05 23.42 -0.39 163471.02
-6.99 21.77 -0.29 168397.06 -7.11 21.34 -0.18 170707.94 "-.'
-7.75 20.59 -0.31 173808.13 -8.10 18.85 -0.13 179114.58-8.4,9 18.89 0.69 175329.69 -8.79 24.10 0.00 161483.47 D

-6.77 21.19 0.00 170222.94 -5.95 20.81 0.46 170251.47
-7.97 24.07 0.54 159410.34 -9.18 24.78 -0.31 159999.95
-7.48 22.56 -0.55 166010.11 -7.37 20.80 -0.33 170451.19
-7.91 20.04 -0.20 172876.17 -7.98 18.88 -0.21 175206.05
-7.66 18.78 0.36 176385.27 -7.87 23.51 0.00 166276.39
-7.63 22.27 0.00 163442.48 -6.53 21.76 -0.33 164754.83
-5.92 21.40 0.21 169081.77 -8.05 23.77 0.53 160237.70
-9.96 23.77 -0.23 159248.69 -8.29 21.50 -0.62 166856.48
-7.70 19.47 -0.29 172885.69 -7.82 19.29 -0.14 174312.14 ..-.
-7.85 18.73 0.31 175938.30 -8.22 22.84 0.00 166723.34
-7.30 22.58 0.00 161426.41 -7.87 22.24 -0.07 162520.05
-7.35 22.41 -0.40 161749.73 -6.54 21.41 -0.23 169576.27
-7.73 22.66 3.21 167883.55 -8.78 22.65 -0.24 165106.69
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-8.02 19.74 -0.44 173266.06 7.41 19.55 -0.19 174074.39

-7.62 18.44 0.32 177184.08 -7.95 22.55 0.00 165829.44

-7.75 22.59 0.00 160580.05 -7.59 21.99 -0.03 160779.75
-8.30 22.68 -0.01 160503.97 -9.03 21.60 -0.13 160722.69

-8.54 21.83 -0.21 1o1340.83 -9.11 21.97 -0.23 164678.75

-9.05 20.93 -0.39 17027.66 -8.16 19.64 -0.38 172200.97

-7.41 18.87 0.03 175700.56 -7.39 21.56 0.00 169633.33 .',....,

-7.49 22.21 0.00 15829o.83 -8.16 22.04 -0.10 159904.86

-8.42 21.79 -0.12 160o75.14 -8.39 21.84 -0.15 162501.02 -

-9.05 21.48 -0.06 164431.50 -9.44 21.35 -0.07 164792.88

-9.47 21.45 -0.25 166306.00 -9.07 20.23 -0.28 171383.13

-7.77 20.25 -0.17 172695.48 -7.49 20,43 0.00 173456.27

-7.72 21.63 0.00 158602.C0 -8.44 21.36 0.00 158858.78

-9.1o 21.62 0.00 159125.05 -9.85 21.44 0.00 160465.92

-9.89 21.11 0.00 163566.11 -9.83 21.34 0.00 166304.92
- '  -9,93 21.24 0.00 167550.70 -9.63 20.92 0.00 168520.69-9.29 21.15 0.00 169671.8 -8.51 20.64 0.00 176442.33
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INTERACTIVE INPUTS FOR SAMPLE PROBLEM 2

RECEPTOR SPACING (M)?
000.000

HOW MANY WIND SITES?
4

HOW MANY EMP. ORTH. FCTNS?
3

SOURCE Xf.YoZ (ABOVE SFC) IN METERS?

O.O00000OOE00 0.C0OO000E*co 3o.00 0
HOUR?

7
FOR MR FROM 7 TO 8
MIX MT. (M) & STABIL.?--NEG. MsIX MT TO STOP

620.0000 1
SOURCE STRNGTh (G/S)?

1000.000
WINO SPO(MS) & DIR. AT SITE I FOR MR 7

1.000000 270.0000
WIND SPD(M/S) & DIR. AT SITE 2 FOR MR 7

1.500000 330.0000
WIND SPD(MIS) & DIR. AT SITE 3 FOR MR 7

2.100000 300.0000
WIND SPD(MIS) & DIR. AT SITE 4 FOR MR 7

1.700000 310.0000
GRADIENT WIND SPC. (M/S) & DIR. FOR HR. 7?

5.000000 10.00000
WINO SPD(M/S) & GIR. AT SITE 1 FOR HR 8 -.

1.000000 9C.00000
WIND SPD(M/S) & CIR. AT SITE 2 FOR MR 8

1.000000 90.00000
WIND SPD(MIS) & DIR. AT SITE 3 FOR HR 8

1.00C000 90.00000
WIND SPD(M/S) & CIR. AT SITE 4 FOR HR 8

1.000000 90.00000
GRADIENT WIND SPO. (M/S) & DIR. FOR HR. 8?

5.000000 135.0000
FOR HR FROM 8 TO 9 .

MIX HT. (M) £ STAeIL.?--NEG. PiX PT TC STOP
1700.000 4

SOURCE STRNGTIh (G/S)?
1500.000

WIND SPD(M/S) & CIR. AT SITE I FOR MR 9
2.000000 3GO.0000

WIND SPO(M/S) & DIR. AT SITE 2 FOR HR 9
2.500000 O.OOOOOCOE+00

WIND SPD(M/S) & DIR. AT SITE 3 FOR MR 9

3.100000 330.0000
WIND SPOCMIS) &DIR. AT SITE 4 FOR HR 9

2.700000 340.0000
GRADIENT WIND SPD. (MIS) & DIR. FOR MR. 9?

. 6.500000 40.00000
FOR MR FROM 9 TO 10
MIX NT. (M) & STABIL.?--NEG. MIX HT TO STOP

-100.0000 3

15, 8
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INTERACTIVE OUTPUTS FOR SAMPLE PROBLEM 2

~HOUR NO.

-7000.000 -300C.000 1.4041C55E-08

-6000.000 -5000.000 5.1520e32E-08
-6000.000 -4000.000 2.5518435E-07

-600C.000 -3000.000 5.1387809E-07
4. -O00C.O00 -2000.000 4.4097987E-07

* -6000.000 -1000.000 1.267ZC75E-07
-6000.000 C.O00GCO00EOC 1.5517774E-08

-50GC.000 -6000.000 5.e939321E-08

-500C.000 -5000.000 7.6661604E-07
-500C.000 -4000.000 3.8304447E-06
-5000.00C -iO0c.000 8.1432C0SE-0-
-500C.000 -2000.000 7.8245639E-06
-5000.000 -1000.000 3.3463C73E-06
-500C.000 C.O000000E*OC 6.0919206E-07
-400C.000 -60OC.000 3.4446271E-07
-4000.000 -500C.000 4.1964154E-06
-4000.000 -4000.000 2.3577797E-05
-400C.000 -300C.000 5.455888E-05
-4000.000 -2000.000 6.6677319E-05
-4000.000 -1000.000 5.7781825E-05
-400C.000 C.OOOOOOOE+00 2.2884255E-05--Z

-400C.000 1000.000 1.5719984E-06
-3000.000 -7000.000 2.3149786E-08
-300C.000 -OOC.000 7.6661604E-07
-3000.000 -5000o000 9.3800772E-06
-300C.000 -4000000 5.3583644E-05
-3000.000 -3000.000 1.3714723E-04
-300C.000 -2000,000 2.2989418E-04
-3000.000 -1000.000 3.7888405E-04
-3000.000 C.O000000E00 4.327C690E-04

-300C.000 100C.000 6.5545C71E-05
-3000.000 2000.000 2.286153E-07

-2000.000 -7000.000 1.8953445E-08
-200C.000 -6000.000 6.2765224E-07
-2000.000 -5000.000 8.4874455E-06
-2000.000 -4000.000 4.4082473E-05
-2000.000 -3000.000 1.1838430E-04
-2000.000 -2000.000 2.1884797E-04
-2000.000 -1000.000 3.9335105E-04
-2000.000 G.OOGO000E0 1.1431955E-03
-2000.000 1000.000 4.5502241E-04
-2000.000 2000.000 1.0136596E-06
-100o000 -600C.000 2.3090035E-07
-1000.000 -5000.000 2.8129414E-06
-1000.000 -4000.000 1.5894730E-05
-1000.000 -3000.000 3.8497?C8E-05
-1000.000 -2000.000 4.9093374E-05

J. -1000.000 -100C.000 4.e151996E-05
-1000.000 C.O0000000O 5.9150637E-04

-1000.000 1000.000 2.4708E93E-04
0.0000000c+0C -6000.000 2.8275235E-08

O.G0000£+0c -5000.000 3.8069C30E-07
0.00C0000E 00 -4000.000 2.1086141E-06
".00C000E+OC -3000.000 4.130111E-06
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O.00COO00E0OC -2000.000 4.2579782E-06
0.00C0000E+OG -1000.000 1.9503220E-06O.O000000E+OC G.O000000E*O0 2.4262669E-03 i'

1000.000 -500C.000 2.0946805E-08
1000.000 -4000.000 1.0375C20E-07
1000.000 -3000.000 2.0892720E-07
1000.000 -200C.000 1.7105516E-07
1000.000 -1000.000 5.1520832E-C8

HOUR NO. 1
-ioCO.00 -10000.00 5.5788860E-07
-10000.00 -9000.000 2.8156639E-06
-100CO.00 -E00C.000 8.0341515E-06
-100CO.00 -7000.000 1.3545313E-05
-10000.00 -600C.000 1.56?9681E-05

-100CO.00 -5000.000 1.2036261E-05
-10000.00 -4000.000 6.1953192E-06
-100CO.00 -3000.000 1.7575444E-06
-10000.00 -2000.000 1.8287656E-07
-900C.000 -10000.00 2.0645C91E-06
-9000.000 -5000.000 9.4914267E-06
-9000.000 -8000.000 2.8234637E-05
-9000.000 -7000.000 5.6195349E-05
-9000.000 -6000.000 7.7877237E-05
-9000.000 -5000.000 8.3980260E-05
-9000.000 -4000.000 6.5899490E-05 L.,'

-9000.000 -3000.000 2.5836225E-05
-9000.000 -2000.000 3.3700903E-06
-900C.000 -1000.000 1.1056100E-C7
-8000.000 -10000.00 4.1697C40E-06

-800C.000 -9000.000 1.9427493E-05
-8000.000 -8000.000 5.9357877E-05
-800C.000 -7000.000 1.2692247E-C4
-8000.000 -6000.000 2.1000027E-04
-8000.000 -5000.000 3.0859446E-04

-8000.000 -4000.000 3.6349453E-04
-800C.000 -3000.000 1.9253913E-04
-8000.000 -2000.000 2.9846569E-05
-8000.000 -1000.000 9.9646559E-07
-7000.000 -10000.00 4.e198434E-06
-7000.000 -9000.000 2.3851180E-05
-7000.000 -800C.000 7.3673749E-05
-7000.000 -7000.000 1.5124744E-04
-7000.000 -6000.000 2.7167599E-04
-700C.000 -5000.000 4.E636139E-04
-7000.000 -4000.000 8.2529243E-04
-7000.000 -3000.000 5.9163861WE-04
-7000.000 -2000.000 9.0158734E-05
-7000.000 -1000.000 2.EO70544E-06
-6000.000 -100CC.00 3.0926890E-06
-6000.000 -9000.000 1.5905884E-05

-6000.000 -8000.000 4.8556C74E-05
-600C.000 -7000.000 9.6805641E-05

-6000.000 -6000.000 1.6303528E-04
-6000.000 -5000.000 2.95718643E-04
-6000.000 -4000.000 9.4281795E-04
-6000.000 -3000.000 7.3076697E-04
-6000.000 -2000.000 8.7169254E-05
-6000.000 -1000.000 2.0855348E-06 '.'

-5000.000 -10000.00 1.2416C35E-06
-5000.000 -5000.000 5.7770721E-06
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--5000.000 -8000.000 1.7117491E-05

-5000.000 -7000.000 3.1588708E-05
-5000.000 -6000.000 4.4729994E-05
-5000.000 -5000.000 1.6049319E-04
-5000.000 -4000.000 2.3481811E-03
-5000.000 -3000.000 4.8578763E-04
-500C.000 -2000.000 2.03078078-05
-5000.000 -1000.000 3.1001C22E-07
-4000.000 -10000.00 2.50675478-07

" -4000.000 -9000.000 1.2676365E-06
-4000.000 -8000.000 3.63468678-06
-400C.000 -7000.000 6.1686324E-06
-4000.000 -6000.000 7.2026774E-06
-4000.000 -5000.000 1.0435894E-03
-4000.000 -4000.000 4.0392103E-03
-400C.000 -3000.000 6.8359324E-05
-4000.000 -2000.000 6.5204460E-07
-300G.000 -10000.00 3.39252328-08
-300C.000 -9000.000 1.5204233E-07
-3000.000 -O00. 000 4.2758114E-07
-3000.000 -7000.000 6.8059296E-07 .-..-3000.000 -6000.000 6.8683093E-07
-300C.000 -500C.000 2.83451708-03
-3000.000 -4000.000 2.15783208-03 ""
-3000.000 -3000.000 1.37929698-08
-2000.000 -9000.000 1.1292729E-08
-2000.000 -8000.000 3.06968218-08
-2000.000 -7000.000 4.5794284E-08
-200C.000 -6000.000 4.1436365E-08
-2000.000 -5000.000 2.2815168E-04
-200C.000 -4000.000 7.2240145E-03
-2000.000 -3000.000 3.78948688-05
-100C.000 -400C.000 6.122655SE-05

* -1000.000 -3000.000 5.85188538-03
-1000.000 -2000.000 1.t2415068-04
O.OOG000E+00 -1000.000 1.05025858-05
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CONT*A FROM 0. 0OOOOE+00 TO O.7ZOOOE-OZ CONTOUJR INTERVAL OF O.40000E-03 PT(3.3)= O.593S8E-04 LABELS SCALED BY 0. IOOOOE+06

FIGURE 5(b) GRAPHICAL OUTPUTS FOR SAMPLE PROBLEM 2 (concluded)
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